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designed for people 
who must work ina 
controlled atmosphere ~ 


BLICKMAN VACUUM DRY BOX 


Designed by Blickman engineers for safe han 
dling of radio-isotopes, reactor fuel containing 
Plutonium or U233 and other hazardous sub 
stances. Fabricated of stainless steel plate. With 
air-lock, it can be sealed to create a vacuum 

then flushed to provide a controlled atmosphere 
The vacuum dry box can be pumped to a 50 
micron level. Leakage is less than 200 microns per 


T@UIUETIIE Look for this symbol of quality 


hour. Dimensions overall are 34” long x 26” high 
x 24” wide at base. Air-lock measures 18” x 12” 


Sturdy, all-welded construction assures long life 

rounded corners provide easy cleaning and 
decontamination. Send for Technical Bulletin A-2 
or descrebe your specific problem. Write S. Blick 
man, Inc., 7906 Gregory Ave., Wechawken, N. J 


BLICKMAN 
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FREQUENCY 


PRECISION FORK UNIT FREQUENCY STANDARD 
TYPE 50 TYPE SOL 
Size 1” dia. « 3%" H.* Wght., 4 oz. Size 3%" 2 4%" x 5%" High 
Weight, 2 lbs. 


Frequencies: 50, 60, 75 or 100 cycles 





Freque ncies: 240 to 1000 cy< les 
Accuracies: 
Type 50 (+.02% at 65° to B5 C) Accuracies:— 
Type R50 (+.002% at 15° to 35°C) Type 50L (+.02% at 65° to 85°C) 
Double triode and 5 pigtail parts required Type R50L (+.002% at 15° to 35°C) 
*3.%" high Input, Tube heater voltage and B voltage Output, 3V into 200,000 ohms 


A00 - 1000 ey. Output, approx. 5V into 200,000 ohms Input, 150 to 300V, B (6V at .6 amps.) 








PRECISION FORK UNIT FREQUENCY STANDARD 
il TYPE 2003 TYPE 2005 
: 1144” dia. z 44%" H.* Waght. 8 oz. Size, 8” x 8” 2 7%” High 
Freque neies: 200 to 4000 cycles Weight, 14 lbs. 
Accuracies:— a a _ 
Type 2003 (+.02% at —65" to 85°C) pesqueanes) 59 especifty 
: Type R2003 (+.002% at 15° to 35°C) - By 
*3%4" high Type W2003 (+.005% at —65° to 85°C) Accuracy: +.001% from 20° to 30°C 
Output, 10 Watts at 115 Volts 


400 to 500 ey. Double triode and 5 pigtail parts required 
optional Input and output same as Type 50, above Input, 115V. (50 to 400 cycles) 








FREQUENCY STANDARD FREQUENCY 
TYPE 20071 STANDARD 
TRANSISTORIZED TYPE 2121A 
Size 1%" dia. x 4%" H.* Wght. 7 oza. Size 
. 8%” 2 19” panel 
Frequencies: 240 to 1000 cycles Weight, 25 lbs 
Accuracies Same as 2003, above Output: 115V 
Type 20078—Silicon type 60 cycles, 10 Watt 
Input, 28V. Accuracy: 
Output, Multitap, 75 to 100,000 ohms +.001% from 20° to 30°C 


*314” in 20078, 400 to 800 cycles. Input, 115V (50 to 400 cycles) 








FREQUENCY 
FREQUENCY STANDARD STANDARD 


VYPE* 2001-2 TYPE 2111C 
Size 3%" 2 4%" 2 6" H., Wght, 26 oz. Size, with cover 
10” 217" 29" H. 
Panel model 
Accuracy: +.001% at 20° to 30°C 10” 2 19" 2 8%" H. 
Weight, 25 lbs. 
Frequencies: 50 to 1000 cycles 
: Accuracy: (+.002% at 15° to 35 C) 
B voltage, 100 to 300 V., at 5 to 10 ma. Output: 115V, 75W. Input: 115V, 50 to 75 cycles. 


Frequenci¢ 200 to 3000 cycles 


Output: 5V, at 250,000 ohms 


? 


Input Heater voltage, 6.3 - 12-28 








ACCESSORY UNITS 
for TYPE 2001-2 


This organization makes frequency standards 
within a range of 30 to 30,000 cycles. They are 
For low frequencies used extensively by aviation, industry, govern. 


multi-vibrator type, 40-200 cy. 
ment departments, armed forces—where maxi- 


low frequencies 
mum accuracy and durability are required. 


counter type, 40-200 cy. 


For high freqs, up to 20 KC, 
Powe "Aestilie p output. WHEN REQUESTING INFORMATION 
PLEASE SPECIFY TYPE NUMBER 


P —Power supply. 


American Time Products. Ine. 


580 FIFTH AVENUE, NEW YORK 36, N. Y. 
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available now...in quantity! 





New Oregon Piant Assures 
immediate Delivery of High-Purity Sponge 
A reliable source for reactor or mmercial grade ZIRCONIUM 
that will give you on-time deliverie 
A large scale supplier to the AEC, Wah Chang Corporat 
now ready to fill all your ZIRCONIUM needs as they occur nd 


at competitive price 
The quality of WCC ZIRCONIUM is entrusted to experienced We 
personne! whose sk has guided the »velopoment of ZIRCONIUM 
as a commercial meta in addit : r every manu 
facturing process fron and 
That's why WCC ZIR IUM h tent propertie WA | Cc | A N G 
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ductility for ease 


resistance 

SEND FOR COMPLET ened WOOLWORTH BUILDING, NEW YORK 7. WN. Y 
NICAL ASSISTANCE 

More WCC Metais are on the way look for them 


BRINGING TOMORROW CLOSER 
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American-Standard VMR DESIGN | 


A new 
commercially 
applicable 
nuclear-fueled 
boiler* 


The American. Standard Variable 
Moderator Reactor (VMR) is a significant 
step forward in nuclear power plant design 
Because of its simplicity it has been aptly 
termed a nuclear-fueled boiler. The VMR 
isa logic al extension of the most promising 
reactor types and eliminates many of 
their costly features. The design not only 
does away with the need for control rods and 
attendant position indicating device 
but more important, embodies a fuel reserve 
for prolonged reactor operation, Among 


the many advantages of this new reactor are 





* Lower power generation cost 
* Lower capital outlay 

¢ Simple, reliable operation 

* Inherent safety 


* Maximum on-line time 


* Patents applied for 





COST COMPARISONS 
of 4 nuclear power plant designs 


Capital Costs ’ Power 
Per Installed Kilowatt 


i 
' 


Per Kil itt Hou 
A 8 c D A B c D 


PLANT A— American-Standard nuciear-fueled boiler 
PLANT B — Pressurized-water reactor /1 

PLANT C — Pressurized-water reactor (2 

PLANT D. Boiling water reactor 

















FOR LOWER COST NUCLEAR POWER 


Unique principle of operation 


The American-Standard nuclear-fueled boiler employs a 
variable moderator level for control, with heat generation 


accomplished in a coolant recirculation system. 


Here is how the nuclear-fueled boiler functions: Conden- 

te return is heated in several feedwater heaters and 
ntroduced into the reactor vessel in the moderator re 
gion. The feedwater enters the reactor at a rate sufficient 
to maintain the moderator level necessary for reactor op 
eration at the desired condition of plant operation, The 
moderator flows from the upper portion of the core down 
the outside of the fuel elements into the recirculation line 
and mixes with recirculated coolant. Steam is produced 
is the coolant is forced upward through the fuel chan 


nels, which are of a horizontal pin (cross-flow) design 


affording high heat transfer characteristics and simple 
fabrication. A mixture of steam and water is ejected from 
the upper end of the fuel channels. The steam is taken 
out to a steam separator through a separately fired super 
heater and on to the turbine. The water emerging from 
the top of the fuel channels is returned through the re 
circulation line for another pass through the core, A steam 
by-pass line is provided around the turbine to damp out 
oscillations in the reactor power level as required, Scram 
is accomplished by flashing a portion of the moderator 
into a dump tank, 

The nuclear-fueled boiler combines variable moderator 
control with conventional steam power plant design prac 
tices to produce a unit suited to a wide range of power 


requirements 
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THE CURTAIN OF FIRE Air protection for whole cities and strategic areas is no longer in the 
“talking” stage. It is now being installed—a combination of the deadly fire of NIKE anti-aircraft weapon batteries 
and the U.S. Army Signal Corps’ new Martin MISSILE MASTER. As the country’s first electronic system designed 
to provide an integrated screen of radar surveillance, target detection and fire coordination, MISSILE MASTER 
makes possible peak effectiveness of anti-aircraft missile battery operation. A measure of the critical importance of 
MISSILE MASTER is the fact that the system already has been designated for a number of our most vital civilian 


and military areas. It is one of the most significant defense developments of our time 
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Seamless fittings for A-power reactors. 
TUBE-TURN*® 100° elbows—heavy 
wall thickness—stainless steel 








Planning nuclear reactor piping? 
TUBE TURNS CAN HELP YOU! 











Since the origin of atomic energy projects, Made to close tolerances and exacting speci- 
Tube Turns has been recognized as the leader _ fications, these TUBE-TURN products are 
in welding fittings for this fast-moving indus- _ playing a vital part in industrial and govern- 
try. Working with reactor builders, Tube Turns — ene A-power projects. 

is now applying advanced techniques to the 

manufacture of seamless, forged fittings—in For Tube Turns’ engineering service on 
stainless steels, stainless-clad carbon steel, nuclear energy piping projects, call our 
chrome-moly steels, aluminum and titanium. __ nearest office. 











The Leading Manufacturer of Welding Fittings and Flanges 


KENTUCKY *"Tupe- TURN” and *@” 


A Division of National Cylinder Gos Compony Reg. U.S. Pat. Of. 
DISTRICT OFFICES: Mew York + Philadeiphic « Pittsburgh + Chicoge + Detroit « Atlente + Mew Orieons + Houston + Midlend 
Dolles « Tulse « Kenses City « Denver « Les Angeles «+ Sen Frencisce + Seattle 








In Conode: Tube Turns of Conede, Ltd. Ridgetows, Onteric + Terente, Onterie + Edmonton, Alberto 





In the nuclear energy field... 


as in all fields... 


YOU GET TOP QUALITY 
from TUBE TURNS! 





aa a?) 
7 a 
FASTEST AND LARGEST. Tuse-TURN* Welding Fittings will 
be used for coolant piping of the “Skipjack” (on left), and 
for all main coolant piping of two-reactor sub “Triton” 
(on right), the largest sub. These nuclear-powered submarines 
are shown on the ways at Electric Boat Division, General 
Dynamics Corp., Groton, Connecticut. 


MAIL COUPON FOR INFORMATION 


TUBE TURNS, Dept. X-3 


224 East Broadway, Louisville 1, Kentucky 

I have a reactor piping problem involving welding ficcing and flange 
material checked, Please send information 
Stainless-clad steel Copper Hastelloy 


Stainless steel Titanium Zirconium 


C) 
[ 
[ 


|} Aluminum e! alloys ne moly steel 
Company 

Address 

Cay 

Your Name 


Position 


SEAMLESS STAINLESS CLAD ... another Tube Turns’ first. 


These heavy-wall 52° elbows for a pressurized water 


reactor are typical of Tube Turns’ pioneering line of 
seamless stainless-clad carbon steel fittings. 


STAINLESS STEEL. These TUBE-TURN stainless steel weld- 
ing tees are for a two-reactor submarine. 


ALUMINUM. These TuBE-TURN Aluminum Elbows 
are for nuclear swimming pool reactor water-coolaat 
lines. Unsurpassed uniformity of wall thickness, circu- 
larity and curvature. 


For consultation on 
nuclear power piping 
problems, call the nearest 


Tube Turns’ office. 
*TUBE-TURN” and *” 
Reg. U.S. Pat. Off. 


TUBE TURNS 


LOUISVILLE 1, KENTUCKY 
A DIVISION OF NATIONAL CYLINDER GAS COMPANY 


DISTRICT OFFICES: New York - Philadelphia - Pittsburgh - Chicage 

Detroit + Atlanta + New Orleans + Houston + Dallas - Midland 

Tulsa « Kansas City « Denver « Los Angeles + San Francisco + Seattle 

In Coneda: Tube Turns of Canada Limited, Ridgetown, Ontario 
Terente, Ontario + Edmonton, Alberta 





fo reach the stars 7 
Start at the bottom/ 


How will men react to group-solitude for 
months (and years) on end? What happens in a 
weightless void? Disorientation, boredom, pain? 
What of the isolated space vessel itself? 


What happens to men and machine at photonic speeds? 


Similar problems —in their particular contexts —have been solved 


by Electric Boat brains for over 50 years 


Years before men could survive in their new nuclear submarine world, the 
feasibilities of such existence were explored and solved by the 


“Integrated Concept Technique” of Electric Boat Division of General Dynamics Corporation 


No feasibility problem can be solved piece by piece. The Electric Boat's 


“Integrated Concept Technique” analyzes and interprets the problem as a whole 


In your feasibility work, we can save you months — maybe years by applying the 


Electric Boat ‘integrated Concept Technique’’ to your problems 


5 i femme i feom-ley- wane a sb-jie], 


ce ee. 2 een ae e Been maelen. 2 Bek. @ waikek, 


Write to cept (EZ croron CONNECTICUT 
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This Crane atomic valve, wrapped in insulating blanket of aluminum and spun glass, is being tested on new Crane hot test loop. 


CRANE Leads in Testing Atomic Valves 
with New Hot Test Loop 


Shown here in regular service is Crane’s 
new hot test loop— built to control the 
quality and safe performance of Crane 
valves for atomic service. 

The loop is code-designed for produc- 
tion and engineering testing, and oper- 
ates at 550°F. It tests for leaks at seats, 
in stuffing boxes, in pistons and for other 
conditions which may occur in pressur- 
ized water reactor systems 


The loop is made entirely of stainless 
steel to prevent any possibility of con- 
tamination from corrosive water. Dis 
tilled water, used in all tests—hot or 


cold —is recirculated and repurified con- 
tinuously. Flow is maintained by an 
hermetically sealed, canned rotor pump 
which has no stuffing box. Precision 
instruments maintain constant water 
level, temperature and pressure. 


The new hot test loop is another 
Crane-pioneered testing facility that 
makes Crane’s experience—and prod- 
ucts—of more value if you work with 
atomic power, or if you operate in other 


fields involving control over the flow of 


fluids in radioactive processes. 


Write to the address below 
for a copy of this Crane 
folder on valves for atomic 
services. 


GC RAN E VALVES & FITTINGS 


PIPE © PLUMBING -e 


KITCHENS -e 


HEATING « 


AIR CONDITIONING 


Since 1855—Crane Co., General Offices: Chicago 5, Ill. Branches and Wholesalers Serving All Areas 
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reactor feed-material plant for AEC— 
designed and engineered by Blaw-Knox 


Lower costs in processing uranium ore and preparing 
the metal for use in reactors are expected from the 
operation of this new $50 million reactor feed 
material plant. Designed and engineered by Blaw- 
Knox, using a process developed by the Mallinckrodt 
Chemical Works, the plant will be operated by 
Mallinckrodt for the Atomic Energy Commission 
at Weldon Spring, Missouri. 

This project is another good example of Blaw- 
Knox experience on a wide variety of nuclear energy 


projects. And it provides further evidence of why 
we can effectively serve you as engineers and con- 
structors in—scoping the project + preparing feasi- 
bility reports + summarizing hazards reports + de- 
tailing engineering + procurement and fabrication 
of parts + construction of the facility + initial opera- 
tion + training of operators. 

We invite your inquiry on how we can put this 
experience to work on your specific requirements in 
this active field of nucleonics. 


BLAW-KNOX COMPANY 
Chemical Plants Division + Pittsburgh 22, Pa. «+ Chicago 1, Iil. 
Birmingham + New York + Philadelphia « San Francisco « Washington, D. C. 


Designers, engineers and builders of plants for the process industries: chemicals . petroleum «. petrochemicals 
+ resins and plastics . nuclear energy « fats and oils « fertilizers . synthetic fuels 
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FINISHING touches are applied to reactor building which adjoins labora- HEAT EXCHANGER in reactor building will re- 
tory. Doors and building dampers are fitted with gaskets to provide move one megawatt of heat by forced circulation, 
a tight seal when closed. 


UNIVERSITY OF MICHIGAN LABORATORY ATTACKS 


Reactor Putting. 


The Ford Nuclear Reactor pro- 


vides an intense source of neutron 
and gamma radiation for basic med- 
ical, biological, chemical, physical, 


and engineering research and prac- 


GRID PLATE has 80 different locations for fuel and graphite reflector DETAILS of construction of the B&W Swimming 
elements, permitting many different core arrangements. Grid plugs for Pool Type Reactor at the Univérsity of Michigan 
unused holes prevent the coolant from by-passing the fuel elements. are shown in the cutaway drawing. 
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a 
Water is 


through heat exchanger, and then returned to pool. 


BEAM PORTS and through-tube facilities (foreground) focus on reactor core 
full-power operating position. Thermal column (upper right) is stacked with 


drawn down through core, pumped 


graphite blocks to slow down entering neutrons to thermal velocities. 


BASIC RESEARCH PROBLEM WITH... 


Neutrons to Work 


tical training in nuclear technology 
for both engineers and scientists. It 
will also supply some of the radio- 
active isotopes for the many studies 
now employing tracer techniques. 
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GRID PLATE is in position to support 
fuel and reflector elements in rounded end 
of pool. Concrete channels in foreground 
are for pool gate which is raised by crane 
to permit passage of suspension frame. 


In this design the basic pool-type re- 
actor concept was adapted by B&W 
engineers to the special needs of the 
University of Michigan. The equip- 
ment components were fabricated 
and installed by BAW. 


FROM THE BEGINNING of atomic 
energy, at Chicago, Oak Ridge and 
Hanford, to the application of nu- 
clear energy to steam generation, 
like the new Consolidated Edison 
plant soon to rise at Indian Point, 
B&W has had an important and re- 
sponsible role in the field of atomic 
energy. It continues to maintain its 
leadership by backing its long expe- 
rience in related fields with a con- 
tinuing, independent research and 
development program that studies 
the implications and the uses of a 
whole new world of energy. 


FOR NEARLY 100 YEARS, B&W has 
been intimately identified with 
power generation, corrosion re- 


search, heat transfer problems, high 
temperature metallurgy, steam tech- 
nology, and fabrication of heavy 
pressure vessels, The introduction 
of atomic energy found B&W engi- 
neers particularly equipped to cope 
with the problems posed in this new 
field. It was, in effect, an extension 
of familiar problems which they 
were called upon to answer. 


Whether it is a research reactor to 
fit a research budget or a complete 
nuclear steam generation plant, with 
a single responsibility from fuel ele- 
ment to turbine throttle, consult The 
Babcock & Wilcox Company, Atomic 
Energy Division, 161 East 42nd 
Street, New York 17, New York. 


AE.36-A 


BABCOCK | 
& WILCOX FA, 


DIVISION 
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EBWR control room features Speedomax instruments for critical plant parameters 


L&2N INSTRUMENT SYSTEMS 
EK BWR makes 


Ever since initial start-up of the Experimental 
Boiling Water Reactor, early this year, the gen 
eration of 5000 kw for the electric system of 
Argonne National Laboratory has been directed 
through the reactor’s L&N instrument systems 

These instruments represent the basic L&N 
approach to nuclear power instrumentation 
standardized components, engineered into com 
plete systems by men with electric power and 
nuclear control experience 


In EBWR this combination resulted in a 
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EBWR flow diagram i//us/rates the basic simplicity of this reactor type 
verted to steam within the reactor vessel itsel| 
ment 


Water is con 
This eliminates heat exchange equip 


The steam flows to the turbo-generator where electricity is produced, then 
through the condenser, filters, etc., back into the reactor vessel 


GUIDE NUCLEAR POWER PLANT OPERATORS AS 


Megawatts from Neutrons 


coordinated, all-electric, plant instrumentation instruments around the 
irrangement that includes a complete three 
element feedwater control system. 


control room 

The L&N engineers who collaborated on these 
systems can assume the responsibility for your 
Data on neutron flux is fed to Speedomax’ own control projects for nuclear research, 
recorders mounted at the EBWR operating con nuclear power, or conventional electric power 
ole. The L&N feedwater system controls the Contact your L&N office with requirements, or 
flow of water into the reactor, either to hold write Leeds & Northrup Co., 4936 Stenton Ave., 
level at a fixed point or to allow level to deviate Phila. 44, Pa., for Folder ND46-70-700(1) 
ufficiently to hold water flow equal to steam 
flow. Other temperatures, pressures, flows, and Ni 


radiation levels are monitored by Speedomax IN 
LEEDS NORTHRUP 


Instruments Til | Automatic Controls « Furnoces 
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METR | 


A NEW MATERIALS 
ENGINEERING TEST 
REACTOR BY NDA 


NDA has now completed preliminary design of Materials Engineering Test 
Reactor | for construction at Mol as Belgian Reactor ||. Joined by senior 
personnel from CEAN, NDA is now carrying out detailed design. 
NDA believes METR | will be of interest to nuclear engineers and scientists 
throughout the world. Consider these characteristics: 


© Thermal power level: SO MW « Six 1” rabbit tubes 


¢ Available core neutron flux during ex * Seven radial beam holes up to 12” in 
periments diameter 

Fast 2x 10** n/cm?/sec 

Thermal . . .6 x 10'* n/cm?/sec 


© Single fluid—light water cooling 





* Four tangential beam holes up to 12” 
in diameter 
* Reactor pool space for irradiation of 
Consider also the flexibility of METR | large equipment 
¢ Five 82” through holes in core section © Core mock-up facility 
© Central irradiation tubes in each fuel 
element 
© Forty 32” holes in core matrix © Individual access to each fuel element 
(including 10 through holes) and beam hole 


© Gamma irradiation facility 


With its high available neutron flux, flexibility and ease of access, 
METR | is unsurpassed as a test reactor. 
Opportunities exist at NDA for qualified scientists and engineers 
interested in reactors of advanced design for research, power and propulsion. 
For information write or call 


| D) A NUCLEAR DEVELOPMENT CORPORATION OF AMERICA 
5 NEW STREET, WHITE PLAINS, N. Y. - TEL. WH 8-5800 i 


June, 1957 - NUCLEONICS 














SORUR SR DRUR 


AEC Releases Pu Price, 
Hikes It by 150% 

AEC will pay from $30 to $45/ 
gm for plutonium produced in pri- 
vate reactors between now and July 
1, 1962, the Commission announced. 
The newly-declassified price will 
vary within this range depending on 
the Pu’ content of the material. 
For the subsequent year until July 
1, 1963, the price will be a flat 
$30/gm. AEC said it expects 
gradually to reduce the price “to a 
level based upon the fuel value of 
Pu in commercial power reactors.” 

Che earlier price had been $12/ 
gm, but this was rescinded last fall. 
At least one prospective reactor 
operator, Walker Cisler of Detroit, 
had complained to Congress that 
the Pu price was too low. 


i 


of Key Developments in Atomic Energy 


$10-Million Private Fusion Power Project Set 


A landmark in development of atomic energy was passed last month 
with the entry of private industry into the field of controlled thermonu- 


clear reseach, with private money. 


A $10-million, four-year basic research program will be carried out 


at the new Hopkins Laboratory for 
Pure and Applied Science of Gen- 
eral Dynamics Corp.’s General 
Atomic division at San Diego, Calif., 
on behalf of the Texas Atomic 
Energy Research Foundation. The 


Texas group of 11 utilities did not 


wait long to make big news: its 
announcement—which caught the 
utility industry entirely by surprise 

came only one month, to the day, 
from the group’s establishment (NU, 
May ’57, 28). 

At that time spokesmen said “the 
program of the Foundation is long- 


Martin to build Brazil a two-reactor station 
Power-hungry S4o Paulo State, Brazil's most industrialized state, 
has decided to build a 25-Mw nuclear power plant at Jurumirim 


Sorocabana, about 50 mi W of Sio Paulo city. 
will supply two 12.5-Mw pressurized water reactors. 


The Martin Co. 
So learned 


Nucieonics’ Rio bureau in an exclusive interview with Mario 
Lopes Lefo, head of Sao Paulo state power companies, Cia. 
Usinas Eletricas de Paranapanema and Cia. Hidro-Eletricas do 


Rio Pardo. 


company being formed to run the plant. 
$750/kw installed. 
U. S.-Brazilian negotiations for a power bilat- 


$18.75-million 
begin next month. 
eral are nearing completion. 


These firms will be shareholders in a new private 


The project will cost 
Preliminary engineering is to 


Asked why build two 12.5-Mw reactors rather than one 25-Mw 
unit, Martin nuclear chief Tibor Nagy told Nucixonics the answer 


is rain. 
cyclic rainfall. 


Brazil, largely dependent on hydro power, is subject to 
In dry season, when reservoir levels drop, both re- 


\ctors would run; in transition periods, one could meet the load; 


maintenance and refueling shutdowns would be scheduled when 
reservoirs are full. The project would give Brazil two private nu- 
clear power plants (the other being American & Foreign Power: 


NU, April 57, 19), and one research reactor in operation by year's 


end, putting her far out in front in Latin America in atomic en- 


ergy 


The 5-Mw pool research reactor, built by Babcock & Wil- 


cox for the University of Sio Paulo, will go critical in September 


first reactor in South America. 


AMF Atomics sells Israel, Univ. of Florida 
israel is buying a 1-Mw pool research reactor from AMF Atom- 
ics, according to Yehudah Yeivin of the Weizmann Institute. 
\MF Atomics has also sold its first Argonaut-type training reactor to 


the University of Florida. 


A modified Argonaut designed by Wal- 


ter H. Zinn’s General Nuclear Engineering Corp., it has a square 
instead of circular core, and will be able to operate continuously 
it 10 kw instead of only intermittently. 
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range, since the natural gas now 
used in the Southwest will be com- 
petitive with nuclear energy for 
many years.” But few, then guessed 
how very long-range indeed was the 
program being considered 

Aim of the research project is “an 
understanding of heavy hydrogen 
reactions at high temperatures under 
controlled conditions.” Research 
work is already under way at San 
Diego, where General Atomic has 
assembled more than 150 scientists, 
engineers and technicians, It is 
understood the $10-million cost of 
the project will be shared by Gen 
eral Dynamics and the Texas group 
No government funds are involved. 

Frank Pace Jr., new president of 
GD, told Nuc eontcs that it was not 
expected the project would get out 
of the laboratory stage into pilot 
models during the life of the con- 
tract, although that is of course the 
eventual goal. 

Although the main Hopkins Lab- 
oratory building shenel with lots 
of room for diflerent new projects— 
will be where most of the work will 
take place, GA does intend to erect 
a small specialized structure: an 
auxiliary building to house special 
experiments in connection with the 
work. Here will be placed any 
apparatus it is decided to mock up. 

W. A. Parish, president of both 
Houston Lighting and Power Co., 
and of the Research Foundation, 
said the project would strive first to 
demonstrate controlled fusion con- 
ditions “without immediate prospects 
for economical energy production 
from this source.” He pointed out 
that if, ultimately, the Lister could 
be achieved, it promises not only an 
almost unlimited source of energy in 
deuterium from seawater, but also 
emancipation from the problems of 
large-scale radioactive waste dis- 
posal. He said the decision to pro- 
ceed was based on the belief the 
Texas region would “probably be 
the last section of the nation that 
would ever use the fission process, 
so we decided to explore all ible 
avenues.” . arg 

Although AEC chairman Strauss 
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had told a press conference on April 
1 that “there has been nothing yet 
that could be described as a major 
a the Texas announce- 
ment set off a new rash of optimistic 
savoring of the promise in the 
arithmetic of fusion (total fusion of 
1 kg deuterium would produce 
100,000,000 kwh of electricity; fus- 
ion of all the deuterium in the 
oceans would provide man with 
energy for a billion years). 

The work at San Diego will be 
subject to AEC classification, as on 
Project Sherwood, in —- with 
the provisions of General Atomic’s 
access permit as well as the broader 
requirements of the Atomic Energy 
Act. However, there is a real possi 
bility that patentable ideas would 
emerge from the research, which 
would be of considerable significance 
yarticularly if fusion power were to 
cooame a reality earlier than is 
generally anticipated 

General Atomic has unique quali 
fications for the work being under 
taken. Frederic deHoffmann, man 
ager, played a key part in thermo 
nuclear calculations ancillary to the 
conception and construction of the 


H-bomb. Research Director Ed- 
ward Creutz, formerly head of the 
physics department at Carnegie 
Tech, spent a year (Aug. '55—July 
'56) visiting and working at the 
major Project Sherwood sites as part 
of a study of its activities conducted 
for the AEC. Marshall Rosenbluth, 
formerly with Los Alamos, is 
credited with major contributions to 
the theory of the pinch effect. 

Other General Atomic personnel 
assigned principally to the new 
hakasiiaiies effort are Charles 
Oxley, Samuel Cunningham (form- 
erly with Project Matterhorn), David 
Brower, David Rose, Harold Thomas 
and Norman Rostoker. However, 
GA officials point out that in this, 
as in their other projects, all mem- 
bers of the laboratory will be called 
upon for assistance. They see the 
project rapidly coming to absorb 
about a third of their total effort. 

In addition, consultants will be 
brought in to advise on this and 
other problems; prominent names 
here include theorists Kenneth Case, 
Freeman Dyson, and Felix Adler. 

The private project is expected to 
have little influence on the direction 
and pace of AEC’s own controlled 
fusion program, Project Sherwood 
(NU, Nov. ’55, 62; Feb. ’56, 42; 
June, 36; May °57, 108). 


Two 3d-Round Bids for AEC, New Job for Westinghouse 


Two southern utility combines 
ge. the road to nuclear power 
ast month passed milestones; as a 
result, AEC got its first formal third 
round proposal, Westinghouse chalk- 
ed up another major project, and 
Walter H. Zinn’s General Nuclear 
Engineering Corp., retained by both 
groups, found itself in the reactor 
consultant business with more than 
two feet. 

The same week, a second pro 
posal for AEC third-round aid came 
from Northern States Power and ten 
associates in Central Utilities Atomic 
Power Associates, who are planning 
a boiling reactor now up ewe 60- 
to 66-Mw. 
@ First proposal under the third 
round of A tC’s Power Demonstra 
tion Reactor Program came from 
Florida Nuclear Power Group (NU, 
April 56, 22). The three Florida 
utilities are seeking a Savannah 
River type reactor harnessed for 

wer: natural uranium fueled, 
eavy water moderated, with gas 
cooling. This is one of two large 
reactor types to which AEC prom 
ised priority under the third round’s 
ground rules (NU, Jan. °57, Rl). 
The proposal contemplates a 186 
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Mw net (electric) unit, to cost $40 
million; AEC is asked for research 
and development assistance and 
waiver of fuel use charges for the 
reactor’s first five years. The group 
has engaged GNEC to design the 
reactor and to carry out research 
and development work including 
development of the natural uranium 
fuel elements. A year ago, the 
then-new Florida combine said it 
had selected Babcock & Wilcox to 
design and build the reactor; an 
LMFR was then mentioned as a 
possibility. 

® Carolinas-Virginia Nuclear Power 
Associates (NU, Nov. 56, R6; Feb. 
‘57, R1) entered into an agreement 
with Westinghouse to develop its 
nuclear plant. The four tidewater 
utilities Fad earlier chosen Stone & 
Webster as engineering consultants 
and GNEC as reactor consultants 
Reactor type was not specified; 
target date for completion is 1962 
CVNPA says it has not yet decided 
whether or not to make a proposal 
for third-round aid. For Westing- 
house, it is the fourth major domes- 
tic nuclear central station project 
(PWR, Yankee, and Pennsylvania 
Power & Light's big aqueous homo- 


geneous are the others), plus power 
units for Belgium and Italy, and 
naval propulsion plants. 


Other Projects’ Progress 


An informal Nucveonics poll of 
other groups that had announced 
reactor plans turned up little prog- 
ress—or at least little that the plan- 
ners were willing to talk about. 
® Middle South (NU, Jan. ’57, R1) 
is still in discussion stage, has “no 
final plans.” 
© New England Electric (NU, Dec. 
56, R3) is understood to be wait- 
ing for the Yankee project, in which 
it is a principal participant, to prog- 
ress further; and for selection of a 
site to be made. 
® American Gas & Electric (NU, 
ee "57, 24) has not finalized 
plans, is studying comparative fuel 
costs in its low-cost fossil power 
area. 
® Pacific Gas & Electric (NU, April 
‘57, 24) said it has nothing new to 
report. 
® Isotope Products Inc. (NU, April 
’57, 17) is working out final details 
on financing its cobalt-60-and-space- 
heat reactor; feels it unlikely that 
AEC financial aid will be sought. 
GNEC is also designing this one 
® General Public Utilities’ plans for 
a 60-Mw reactor in the Manila area 
in the Philippines are still in study 
stage. Westinghouse and Babcock 
& Wilcox made proposals last August 
to build a pressurized water plant. 
GPU then said it would complete 
its analysis of the bids by December, 
today says it has not yet done so. 


Britain May Meet Goal 
With Only 10 Stations 


Improvement in design of Britain's 
Calder-type reactors has been so 
rapid that the government now ex- 
pects to meet its 1965 target of 
6,000 Mw installed nuclear capacity 
with as few as 10 two-reactor sta- 
tions, instead of the 19 originally 
planned (see p. 27). Contracts for 
further stations are to be awarded 
semi-annually starting in early 1958 


Japan Completes First Reactor, 
Gets First Enriched-U Export 


Work on Japan’s first research re- 
actor, the 50-kw water-boiler sup- 
plied by Atomics International, was 
completed May 22. The first load 
of uranyl sulfate solution was ex- 
vected shortly from the U. S.; it 
iad been shipped from Mallinckrodt 
in St. Louis, dest commercial export 
of enriched uranium. The reactor 
is scheduled to go into operation in 
July 
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Unions Get Support 
At PRDC Hearing 


The three labor unions contesting 
the construction permit issued by 
AEC to Power Reactor Develop- 
ment Co. of Detroit for the 100- 
Mw Enrico Fermi fast breeder last 
month presented their case. They 
got support for their position—that 
the reactor is unsafe at that location 
on the basis of present knowledge 

from C. Rogers McCullough, 
AEC’s top reactor hazards evalua- 
tion officer and chairman of its 
Advisory Committee on Reactor 
Safeguards, and from D. A. Rogers 
of Allied Chemical & Dye Corp., a 
member of ACRS. Both foam, = 
fast to the position ACRS took last 
June in a letter from McCullough to 
AEC stating that “there is insuf- 
ficient information available at this 
time to give assurance that the 
PRDC reactor can be operated at 
this site without public Pazard.” 

Also testifying were AEC gen- 
eral manager Kenneth Fields, and 
Harold L. Price, director of civilian 
application for the Commission 
Union counsel Benjamin Sigal tried 
to show in his questioning of Fields 
and Price that beyond the published 
regulations, AEC had no standards, 
codes or criteria by which it judged 
license applications; that this means 
in practice that AEC need follow 
no rules at all, and that licenses can 
be granted arbitrarily. 

AEC, third party to the hearing, 
will present its case early in June 


Compromise Would End 
Acceleration Deadlock 


An attempt at a compromise solu- 
tion of the civilian reactor accelera 
tion debate in Congress was offered 
by Rep. James E. Van Zandt (R- 
Pa.), member of the Joint Commit- 
tee on Atomic Energy. 

His bill (HR 7472) would: (1) 
authorize appropriation of $100- 
million for construction, at AEC 
sites, of advanced design and de- 
velopment reactors up to 50 Mw, 
electricity generated to be used by 
AEC; (2) provide additional statu- 
tory authorization for AEC to give 
more aid to private industry in the 
construction of prototype power 
reactors; (3) authorize AEC to con 
struct supporting facilities for the 
program including fuel fabrication 
and reprocessing plants; (4) require 
that information on full amount of 
AEC financial aid be disclosed 
when disclosure does not endanger 
military security—in order that 
Congress and the public be able to 
determine relative costs and eco- 
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nomic benefits; (5) provide that the 
program must not interfere with 
weapons production; (6) provide 
that reactors built under this pro- 
gram be sold to the highest bidder 
after 15 years’ operation; (7) offer 
rapid tax write-off privileges to 
builders of such reactors. 

Van Zandt said his bill did not 
authorize a crash program for gov- 
ernment construction of large-scale 
power reactors because that “is the 
proper province for — indus- 
try.” His program “should not hurt 
the coal industry,” he said. (Last 


year 18 coal-state Democrats voting 
against the Gore bill provided the 
margin of defeat, and Van Zandt is 
from a coal state.) The bill's 
author sees it as a “sound” compro- 
mise, acceptable to public and pri 
vate power proponents, between the 
Democrats’ $400-million crash pro 
gram of large reactor building by 
AEC, and those who would leave 
everything to private industry 
However Rep. Chet Holifield (D 
Calif), House sponsor of the Gore 
bill, called the Van Zandt proposal 


“too little and too late.” 


Pebble-bed reactor: high-quality steam, easy fuel 


Another promising new reactor system—this one offering steam 


conditions and thermal efficiencies equal or superior to the most 
modern conventional plants, plus negligible fuel fabrication costs 

is being developed by Sanderson & Porter, New York engineer 
ing firm, in collaboration with Alco Products. This is the pebble- 
bed reactor: a tube or column filled with spherical pellets of en- 
riched uranium carbide and graphite homogeneously mixed 
These balls, which can be used from \-in, to 2-in. dia, can be 
made with a standard pelletizing machine, to standard engineer- 
ing tolerances. Based on current prices for making pure graphite 
balls, it would appear that the 35-ft* column (20 kg critical mass ) 
in a 50-Mw (heat) reactor could be filled for less than $10,000 
fabrication cost—conceivably as little as $1,000. Systems are 
being studied for reactors ranging in size from 16.5 to 250 Mw 
(electric). The column is cooled by helium circulated by a 
standard, off-the-shelf blower —a centrifugal compressor as used in 
gas-line service. The helium enters at 300-400° F, leaves at 1,400- 
1,500° F, and produces steam ranging from 850 psi, 900° F for a 
16.5-Mw reactor, to 3500 psi, 1100° F/1050° F reheat, for use in a 
supercritical turbogenerator unit. Instead of trying to contain the 
fission products, they may escape through the porous balls, to be 
carried off by the coolant stream and subsequently removed in re- 
active traps before the helium reaches the heat exchangers. High 
burnup--a one-year fuel life—is planned. The reactor is “loaded 
with a shovel at the top, and unloaded into a wheelbarrow at the 
bottom.” The Germans are also working on this system (see p. 25). 


IAEA first conference put off to October 


The first general conference of the International Atomic Energy 
Agency, originally set for Aug. 19, has been postponed until Oct. 1 
by IAEA’s preparatory commission. Slowness of signatory nations’ 
legislatures to ratify the Agency's statute is believed to be the rea- 
son. The U. S. Senate is still debating ratification. The confer 
ence, in Vienna, will setup IAEA and fix the first year’s program. 


General Atomic to test new safe concept 


The new “entirely safe” reactor concept announced last fall by 
General Atomic (NU, Nov. '56, R8) is embodied in a critical as 
sembly that is nearly completed, with experiments to start in a few 
weeks. The concept is of a solid-fuel homogeneous reactor, with 
a core of a solid mixture of partly-enriched uranium and some 
light, moderating material such as beryllium or zirconium hydride 
Two buildings—one housing the 1-watt assembly, the other the 
control panel and workshops—are completed at GA's San Diego 
labs; the assembly's steel frame is up; instrumentation is in 
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Oak Ridge Ran Fused-Salt Reactor Experiment in 1954, 
Weinberg Reveals; Promise Seen for Low-Cost Power 


Until last month, the uncleared 
half of the U. S. atomic industry 
thought of fused-salt reactor systems 
as no more than a promising idea 
for the long-range future—further 
over the horizon than LMFR. The 
onl references, vague and veiled 
had been to “investigations” of the 
idea being pursued at Oak Ridge 
(NU, Oct. ’56, R5). 

Last month Oak Ridge National 
Laboratory Director Alvin M. Wein 
berg dropped a bombshell before an 
unsuspecting Latin 
American scientists invited to an in 
ternational symposium at Brook 
haven: the U. S. had, in 1954, built 
and operated a fused-salt reactor, at 
2.5 Mw and 1,500° F._ It had been 
part of the aircraft nuclear pro 
yulsion rogram; the secret had 
ete a kept. 

The Aircraft Reactor Experiment 
as it was called, was a molten 
fluoride U**® burner 
fuel, extremely-high temperature re 
actor in which the fuel was a 
mixture of molten fluoride salts 
NaF and BeF,—carrying UF,. A 
separate beryllium oxide moderator 
is required because of the low mod 
erating power of the fuel constitu 
ents. The fuel flowed in serpentine 
nickel-alloy tubes through the core 
where the system became critical 
(see flow-chart); a high-temperature 
centrifugal pump circulated — the 
liquid to a heat exchanger. A se 
ondary circuit contained high 
velocity helium—an inert material 
was needed because of the presence 
of sodium, as the second heat ex 
changer dumped the reactor heat 
to water coolant. Heat generated in 
the BeO reflector was removed by 
circulated sodium, also dumped to 
water by means of an intermediate 
helium a 

Because of the thermal expansion 
of the fuel, the reactor was expected 
to be entirely self-controlling; the 
only controls, other than the inher 
ent negative temperature coefficient, 
were a stainless-steel regulating rod 
through the center of the core 
and three boron-carbide shim-safety 
rods. 

Active region of the reactor was 
a cylinder 33.3 in. dia, 35.8 in. high, 
with 7.4 in. thickness of BeO re 
flector. Critical mass was 14.9 kg 
U5; total mass of U*** in the entire 
system—core and external piping 
was about 66 kg; flow velocity was 
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a cir ulating 


1 meter/sec. Designed to operate 
at 1.5 Mw, the reactor experiment 
actually ran at 2.5 Mw te output. 
Inlet fuel temperature was about 
1.200° F and outlet from reactor 
which glowed a dull red—1,500° F. 
ARE went critical Nov. 3, 1954, 
when molten UF, concentrate was 
added to the barren mixture of 
molten fluoride salts, and was 
brought to full power Nov. 9. It 
ran continuously for four days and 
four nights; after logging some 90 
Mw-hr of high-power, high-tempera- 
ture operation, it was shut down 
Thereafter it ran critical consider- 


A.R.E. CORE: Reactor vessel (below) with 


thermocouple leads attached to bottom. 
Top view of core (above) shows serpen- 
tine nickel-alloy fuel tubes emerging 
from hexagonal BeO moderator elements 


ably longer at full temperature and 
pressure but not full power, and was 
eventually dinantio’ Cost of the 
machine alone, exclusive of develop 
ment costs, was about $3-million. 
Weinberg would not say why opera- 
tion at power was so brief, content- 
ing himself with the remark, “The 
trick isn’t to make these things 
critical, but to make them run at 
high power.” It was clear that all 
further work on fused-salt systems 
since 1954 has been for the account 
of the aircraft program and is still 
within the clammy confines of clas- 
sification. 


Significance for Civilian Power 


But ARE did demonstrate some 
things of pertinence to the civilian 
power reactor field, and these Wein- 
berg enumerated: 

e “Again the extreme stability of a 
liquid fuel reactor was noted.” ARE 
was completely power-demand re- 
sponsive, and control was done 
mainly by manipulating the flow of 
cooling helium to the heat ex- 
changer; control rods were used 
mainly to set operating temperature 
level. 

® Xenon-135 came off continuously 
along with many other gaseous fis- 
sion products 

®It proved possible to prevent 
freeze-up by keeping pipes always 
heated. 

e “As in HRT, maintaining absolute 
leak tightness was difficult. It was 
solved adequately for the relatively 
short period of operation of ARE; 
however, there was a very small 
leak from the gas volume above the 
liquid surface of the fuel pumps 
which made the operation awkward 
during part of the time.” 

“Altogether,” the Oak Ridge chief 
concluded, “the experience with 
ARE reinforces our view that chem- 
ical-type reactor systems merit seri- 
ous investigation, that even a high- 
melting salt mixture can be used as 
a reactor fuel, and that one way to 
achieve economic nuclear power— 
verhaps the simplest way—is to 
ica U2*5 in very high-temperature 
devices like ARE in which the fuel 
is liquid. ... The incentive for 
achieving a successful high-tempera- 
ture reactor that burns U*"* in liquid 
form is seen from the following eco- 
nomic consideration. If U*** costs 
$17/gm, and if it can be burned 
without refabrication (i.e. in liquid 
form) in a very high-temperature 
reactor with a thermal efficiency of 
35%, the fuel cost, just as a straight 
burner, amounts to less than 2 
mills/kwh. This is competitive 
with the best conventional fuel 
costs. The trick is that the system 
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FLOW CHART for ARE shows core-cooling and reflector-cooling loops 


must use fuel in fluid form because 
if it were in solid form, reprocessing 
costs would make the fuel cost 
much greater than 2 mills.” 

High thermal efficiencies compar- 
able with the best modern conven- 
tional plants (35-40%) can be at- 
tained, he indicated. The question 
of whether corrosion in fluoride sys- 
tems can be held down sufficiently 
to allow a molten fluoride reactor to 
operate for many years is one on 
which ORNL is now working, Wein- 
berg said. The fused salt system 
in many ways resembles LMFR, he 
continued, but fluorides have one 
great advantage over bismuth: it is 
impossible to carry enough thorium 
in solution in bismuth to make a 
blanket, whereas a fluoride breeder 
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blanket material is available: ThF,- 
Li'F-BeF,. Disadvantages of flu- 
orides are their high melting point 
—932° F; they are not as good 
moderators as heavy water and 
therefore require a greater U™ con- 
centration; and, because the fluoride 
salts used as carriers absorb some 
neutrons, breeding ratios achievable 
are less favorable than in D,O 
systems. 

It the work being done by a study 
group at Oak Ridge continues to de- 
velop favorably, Weinberg said, it is 
planned eventually to build another 
reactor experiment to demonstrate 
the “long-term reliability of com- 
ponents and compatibility of mate- 
rials” for application to molten flu- 
oride seal station power plants. 
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ELEVATION SKETCH of reactor shows construction details 
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Direct-Cycle Takes Lead 
For Nuclear Plane Engine 


The Air Force has put half the 
$200-million left of its Aircraft Nu- 
clear Propulsion funds for next year 
into General Electric’s X211 direct- 
cycle project, according to Aviation 
Week, a McGraw-Hill publication 
Pratt & Whitney conversely has had 
its share cut, due to complications - 
probably heat transfer—met in its 
indirect-cycle engine project, _ 
The J91 is described as a large, low- 
temperature—hence low-performance 
—engine. One nuclear consultin 
firm is ted to have said that a 
its yak program business is now 
with GE. Following successful op- 
eration of a turbojet engine by re- 
actor heat at the Idaho reactor test- 
ing station (NU, Aug. '56, Ril; 
March ’57, R6), GE has transferred 
some of its top men from its jet 
engine departments to the X21] 
project at Evendale, Ohio, and has 
also increased its staff in Idaho, 
where running of experimental engine 
configurations is continuing. The 
first Idaho test is reported to have 
involved four J73 turbojets with 
combustors removed, hooked up to 
a direct-cycle air-cooled, water- 
moderated reactor. 

Difference between the GE direct 
and P&W indirect cycles (sketches 
NU, Aug. '56, 75) is this: GE flows 
the turbojet’s compressor discharge 
air directly through ducting in and 
around the reactor to pick up the 
heat; P&W flows compressor dis- 
charge air through an intermediate 
heat exchanger to pick up reactor 
heat from a liquid loobdly liquid 
sodium) primary loop. Basie prob- 
lem with the latter is that even sub- 
sonic turbojets need 1,200° F air 
going into their turbines, which 
means the heat exchanger tube walls 
must be at even higher temperatures 
For supersonic engines, where air 
temperatures of 2,000° F entering 
turbines are required, the heat ex- 
changer materials simply are not 
available. And unless cater cycles 
can be operated, the nuclear system 
cannot develop the power-to-engine- 
weight ratio to lift the additional 
load that shielding imposes 


Explanation in Congress 

The foregoing helps interpret tes- 
timony by Air Force Secretary 
Donald A. Quarles before the House 
of Representatives Defense Appro 
priations subcommittee, explaining 
the A-plane stretch-out (NU, March 
"57, R6, May, 22). Quarles dis- 
closed the fiscal "58 ANP a pro- 
riation ($213-million) would be 
ess than that spent in the current 
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year, fiscal ’57 ($237-million), and 
less than a third of that originally 
planned ($700-million). “The thing 
that forced [this] reconsideration,” 
he told the subcommittee, “was the 
fact that after we laid down the 
program and contemplated pushing 
ahead on aircraft prototype as well 
as the prototype of two different 
kinds ol enindo-nengeidien engines 
for a bomber, our engineering esti- 
mates from our airframe contractors 
and from our propulsion contractors 
kept getting more and more un- 
favorable. We got to the point 
where, in order to accomplish these 
things, they estimated we had to 
build a plane that would weigh 
considerably in excess of our speci 
fications.” The first A-plane that 
could now be put in the air would 
be “a flying reactor” and not a use 
ful military weapon, he said. “There 
was a time when we had a program 
to produce such*a flying reactor 
without too much regard to its 
military usefulness. We abandoned 
that program on the ground it was 
a luxury we could not afford. It 
would not contribute to our mili- 
tary potential and therefore we 
would not attempt to do it. 

[As for] reverting to a program 
twice this in size, which was the 
program we had a year ago, it 
would not be in the national interest 
to spend money of that kind.” 


Venezuela, GE Sign 
Pool Reactor Contract 


A $3.6-million contract has been 
signed by General Electric and the 
Venezuelan Institute of Neurology 
and Brain Research covering a 3—5 
Mw (heat closed-pool type research 
reactor (NU, Nov. '56, Rl). The 
unit, to be built at GE’s San Jose 
plant, is scheduled for delivery in 
April 1958, with installation to be 
completed by December. It will 
be set up at the Institute’s hilltop 
hideaway at Altos de Pipe, 7 mi 
outside Caracas, at 5,000 ft altitude 

Designed by Walter Zinn’s Gen- 
eral Nuclear Engineering Co., it is 
described as Latin America’s most 
versatile reactor. It is designed 
especially for research in medicine, 
agriculture and industry; will have 
both horizontal and vertical tubes, 
two thermal columns, and a thermal 
neutron flux of 16 « 10". It will 
be fueled by 20% enriched, U. S.- 
supplied uranium. Buried in the 
ground, it will have a spheroid steel- 
and-concrete containment dome 80 


English hole... 


On May 1, this was appearance of No. | Reactor at Berkeley-on-Severn, where 
ground had been broken Jan. 7 for one of Britain's first two commercial nuclear 
power plants. AEl—John Thompson is building two-reactor, 300-Mw total, station. 
In pit center will stand 1,000-ton pressure vessel, surrounded by eight heat ex- 
changes to be erected in indentations seen at pit circumference. One large crane 
has been assembled, three-legged tower for another is underway 


. . American hole 
Excavation is being com- 
pleted 47 mi SW of Chi 
cago for Commonwealth 
Edison's 180-Mw Dresden 
station. Some 400 men 
are preparing base for 
190-ft steel sphere. Rec 
tangular cut in fore- 
ground will become fuel- 
handling canal; saucer 
shaped hole in back 
ground will accommodate 
sphere. Chicago Bridge 
& Iron Co., who will build 
sphere, are preparing to 
move in now; plates are 
to start arriving in August, 
and sphere is to be com 
pleted next spring. Re- 
actor vessel is to arrive 
on site in mid-'58 


ft dia and 70 ft high; flanking it will 
be two wings, one for medical re- 
search, the other for basic research 
in nuclear physics, chemical and 
asiendhaaiin applications. En- 
closed in three protective shields of 
steel and concrete 18 ft thick, the 
reactor will have as an additional 
safety feature four radio-controlled 
seismograph outposts surrounding 
the site to shut down the reactor 
automatically in case of earthquake. 

Dr. Humberto Fernandez-Moran, 
director of Venezuela’s national 
nuclear program, last month told 


the Inter-American Symposium at 
Brookhaven that the Institute had 
already invested $7-million in the 
project and plans a total investment 
of about $50-million. 


Phillips Makes Offer 

Phillips Petroleum has offered the 
Venezuelan government technical 
assistance on atomic ppc as part 
of an oil concession package pro- 
posal. Phillips would help in ob- 
taining radioisotopes and in nuclear 
research and development, supply 
six full-time experts for one year. 


June, 1957 - NUCLEONICS 





Germany Forging Rapidly Ahead — 


Three developments attest to 
Germany's accelerating pace in nu- 
clear power: 


1, Buys Reactor at Home 


Close on the heels of the an- 
nouncement of a first private Ger- 
man power reactor purchase—an 
AMF Atomics boiling reactor, by 
RWE of Essen (NU, May '57, p. 
27)—came word of a second. And 
it came as swift corroboration of 
gloomy prophecies by some Ameri- 
can atomic industry people that a 
U. S. reactor market in industrial- 
ized areas abroad would last only 
until the foreign countries could 
build their own; and that Germany 
in particular would soon be a stiff 
competitor. Not only did this sec- 
ond contract for a German nuclear 
power plant go to two German 
firms, but it embodies a novel re- 
actor concept. 

This is a solid-homogeneous type, 
gas-cooled and graphite-moderated. 
Fuel elements are ball-shaped, of 
sintered uranium carbide an gra h- 
ite. They are fed into a tower-like 
reactor tank from above, and un- 
loaded below. Thus the reactor 
will be controlled merely by chang- 
ing the loading and the coolant flow; 
there will be no safety or control 
rods. A high rate of burnup is 
hoped for by resintering the ele- 
ments at intermediate intervals, thus 
curing radiation-damaged elements. 
The concept permits operating tem- 
peratures considerably higher than 
in any existing reactor: 980° F steam 
will be produced. This is held in 
turn to promise power costs com- 
petitive with coal-fired power plants 
in Germany. 

Contract for the design of a 15- 
Mw net (electrical) pilot plant went 
to Brown Boveri & Co. of Mann- 
heim (German subsidiary of Brown 
Boveri of Switzerland) and Fried- 
rich Krupp of Essen. Site has not 
yet been chosen, but a 1960 target 
date for operation of the get ge 
has been set. Placing the order is 
AVR, a six-city utility group (NU, 
Feb. °57, R9) now grown to nine 
cities in northwest Germany—Diis- 
seldorf, Duisburg, Hagen, Minden, 
Bremen, Hameln, Hannover, Kiel 
ind Wuppertal. 


2. Triples Power Goal 


A tripling of Germany's nuclear 
power van was announced last 
month by Atomics Minister Siegfried 
Balke—the first program enlarge- 
ment by one of the six Euratom 
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countries since the Armand-Etzel- 
Giordani report was published last 
month (see p. 25). 

Balke said he would soon propose 
a ten-year, $510-million program of 
nuclear energy investment that 
would provide nuclear capacity of 
1.5-million kw in West Germany, as 
— to 0.5-million by 1965 in 
the present program. He said 
power demand would soon exceed 
the capacity of conventional power 
methods, but that he felt 1.5-million 
kw of nuclear capacity was the most 
Germany can build in the next 10 
years. 

This is 10% of the total Euratom 
goal of 15-million kw by 1967. In 
Europe it has been assumed that 
West Germany's share would have 
to amount to 40% if the goal is to 
be met. 

Balke’s program is based on the 
assumption the power reactors to be 
built will be largely based on natural 
uranium, supply of which is being 
arranged (NU, May ‘57, 27). In 
addition to the 500 tons natural 
uranium from Canada and 1,500 kg 
enriched from the U. S., Germany 
is also counting on imports of natu- 
ral U from France ond some limited 
deposits in Bavaria 


3. Centrifuges U Cheaply 


Another new German success in 
the search for a cheaper method of 
separating U™ is reported to Nu- 
cLeonics from Bonn. Last year 
Prof. E. W. Becker at the University 
of Marburg was reported making 
progress with his separation-nozzles 
or -jets (NU, June ‘56, 19A). 

Now Prof. Wilhelm Groth of 
Bonn University has developed a 
method of using the centrifuge proc- 
ess that was tried at Oak Ridge 
during the Manhattan District days 
and found wanting. 

Groth uses uranium hexafluoride 
gas, led continuously through two 
centrifuges operating at 40,000 rpm; 
their rotating 0.8-in. thick steel 
cylinders are about 6 in. high, 2-in. 
id. He claims to have obtained 
enrichments up to 2%. He will get 
nine larger centrifuges installed in 
his Institute at Bonn this fall; and 
in addition, the state of North 
Rhine-Westphalia plans to establish 
no fewer than 50 centrifuges at its 
new nuclear research center at 
Diiren (see p. 27). This plant, 
Groth says, will produce 5 tons/yr 
of enriched uranium, at power costs 
one-eighth to one-tenth those of dif- 
fusion plants. No extra electric 
power dais will be required. 





Russian Goal for 1960 
Ils 2-Million Kw Electrical 


One of the minor mysteries about 
Russia’s nuclear power program was 
cleared up last month: the goal of 
2-2.5-million kw by 1960, set at the 
20th Party Congress in January 
1956 is electrical—not thermal 
output. 

Americans who study Russian 
pronouncements, newspapers, and 
periodicals have felt a certain de- 
gree of equivocality about the nature 
of the Russian goal. Since the orig 
inal account in Pravda of the orig- 
inal Party Congress speech by Igor 
Kurchatov, one of Russia’s leading 
nuclear scientists—which quoted him 
referring specifically to electrical 
output—the only Soviet references 
have been by the vaguer term 
obshchaya moshchnost, “total power.” 
Other indications seemed to perpe- 
tuate the confusion, as pointed out 
in RAND report P-1076 of May 1 
by Arnold Kramish. Direct  in- 
quiries by NucLeonics to Kurchatov 
and to Efim P. Slavsky, director of 
the Russian AEC, brought no replies. 

Last month another Soviet nu 
clear scientist, in the U. S. with the 
International Atomic Energy Agency 
preparatory commission, V. § 
Emelianov, told Nucieonics that 
the Russian target is definitely, in 
kilowatts of electrical output 


Two More U. S. Firms 
Take Partners Abroad 


Two new partnership arrange 
ments completed last month by 
U. S. companies with foreign firms 
for cooperation in the nuclear field 
illustrate a definite trend toward 
cross-licensing arrangements as an 
alternative to straight sales of com 
plete reactors. Atomics Interna 
tional reached an agreement for “ex 
tensive cooperation” with Sweden's 
huge ASEA electric power equip 
ment company. Foster Wheeler 
teamed with Vereinigte Kesselwerke 
(United Boilerworks) of Diisseldorf, 
West Germany. Two earlier such 
agreements between AMF 
Atomics and Mitchell Engineering 
of London (NU, March ‘56, 24), 
and Alco Products and Humphreys 
& Glasgow Ltd., also London (NU, 
Feb. 57, R4). 

Other U. S. arrangements com 
pleted or in preparation will team 
Chicago Bridge & Iron Co. with 
Motherwell Bridge & Engineering of 
Britain, and Westinghouse with 
Siemens-Schuckert of Germany. In 
addition, Westinghouse and General 
Electric have their world-wide inter 
national organizations 


were 
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U. S. Reactor Salesmen 
Sell—or Irk—Japanese 


American atomic energy experts 
at the joint conference of the U. S 
and Japanese Atomic Industria] Fo 
rums Pel in Tokyo, Osaka and 
Nagoya last month took the oppor 
tunity to do some nuclear reactor 
sales promotion. 

The basic American theme ex 
sressed at the conference—which 
sore A together 89 Americans and 
more than 1,450 Japanese and other 
delegates from 14 observer Asian 
nations (plus 200,000 at the ex 
hibit)—was the superiority of U. S 
reactors over Britain’s Calder Hall. 

This sales pitch was probably ef 
fective to some degree, for the ad- 
vantages of American reactors were 
spelled out for many Japanese ex- 
perts for the first time. However, 
it is unlikely that Japan will, as a 
result, abandon her plans to pur 
chase a Calder-type reactor. But 
the chances are better now—indeed, 
good—that this country will also 
buy an American reactor. 

Still, the Americans’ heavy-handed 
sales approach is being criticized in 
some quarters. Some Japanese as 


well as American representatives be- 
lieve the U. S. could have made its 
point more subtly 


British Miffed 

British observers in Tokyo were 
indignant, declaring that British ef- 
forts to sell Calder Hall here were 
never accompanied by derogatory 
references ee U. S. reactors. 
Especially resented there were re- 
marks by W. Kenneth Davis, direc- 
tor of AEC’s division of reactor de 
velopment, in view of the fact that 
he is a U. S. government official. 
Davis had emphasized that Calder 
Hall is “inherently very large and 
expensive to build.” 

Other Americans said Britain has 
not yet built a single-purpose reac- 
tor, pointing out that Calder Hall 
produces electricity as a by product 
in the manufacture of plutonium. 
It is held, on the other a that 
U. S&S. reactors—both pressurized 
water and boiling water types—are 
“better for Japan” because: (1) the 
enriched uranium they use is a su- 
perior fuel; (2) other fuels are pro 
duced as by-products; (3) they are 
smaller in size; (4) because of this 
they are more suitable for use in 
nuclear-propelled ships. 

While impressed with these argu- 
ments, many Japanese representa- 
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Nuclear dedication in a little valley 


General Electric's $10-million nuclear research center at Vallecitos (Spanish for 
‘little valley”) near Pleasanton, Calif., was dedicated to peacetime atomic develop- 
ment and to reducing costs of nuclear power. Three major components of facility 
are: (right) radioactive materials lab, equipped for intensive study of irradiated 
materials; (left center) experimental physics lab, to house a critical assembly for 
mocking up various types of reactor cores, a nuclear test reactor (NTR) for meas- 
urement of nuclear properties and for calibrations, and a core assembly room; and 
(far left) 5-Mw developmental boiling water reactor, in capsule-shaped containment 
shell, to prove out GE's design for 180-Mw Dresden Station and to test new de- 


signs and features of boiling reactors. 
5-Mw turbine generator installed by Pacific Gas & Electric for its grid. 


It will supply steam by year's end to a 


At this site 


also GE will build a testing reactor (see p. 26) 


tives privately maintained that they 
prefer to purchase a Calder-type 
first, because: (1) it is already pro- 
ducing electricity; (2) it is basically 
simple in design; (3) the natural 
uranium it uses may be preferable 
to enriched uranium, as Japan would 
be completely dependent on the 
U. S. for supplies of the latter. 


Japan to Build Own 

Actually, the question of U. S. vs 
British reactors lost some of its 
meaning with unexpectedly deter- 
mined statements by Japanese 
speakers to the effect that Japan is 
rushing plans to produce her own 
reactor, Japan’s ultimate goal is 
“complete + tet production” of 
nuclear reactors, said Chikara Kurata 
of the Japan Machinery Federation. 
Emphasizing that a Japanese model 
is now being designed, he added, 
“We wish that the U. S. favor us 
with technical information, conclude 
technical agreements, and train our 
atomic industrial engineers in all 
phases of nuclear energy tech- 
niques. 

Other Japanese delegates explain- 
ed niieddly that — will pur- 
chase one Calder Hall reactor and 
maybe one American unit, but 
would try to get manufacturers’ 
blueprints at the same time so she 
ool produce her own versions of 
these reactors until a domestically- 
designed model could be turned out 

probably in a decade. 

Indeed, one reason why America’s 
atomic stock has gone up in Japan 
recently is that U. S. firms appear 
more willing than British reactor 
manufacturers to conclude licensing 


agreements with Japanese compa 
nies—as witness the pending accord 
between Westinghouse and the Mit- 
subishi group for local manufacture 
of pressurized water reactors (NU, 


April 57, 17). 


Large Imports Seen 

However, some Japanese govern 
ment officials believe it will be 
necessary to import several Calder 
Hall units and perhaps as many 
American reactors in the next dec- 
ade, with an increasing number of 
parts made in _— 

Japanese delegates stressed that 
in many cases Japan needs atomic 
power generation “almost immedi- 
ately” in view of the severe shortage 
of energy resources expected in the 
next few years. Japan, they said, 
must produce 1-million kw of nu- 
clear-generated power by 1965, and 
10-million by 1975. About $25 
million will be spent this year on 
atomic energy development, it was 
reported. 

It was said that Japan will ae 
nuclear-powered ships parallel with 
attempts to generate atomic electric- 
ity, in order to maintain her role as 
the world’s leading shipbuilder. 

Americans reported extensively 
on U. S&S. atomic development. 
Drawing special attention were re- 
ports on fusion reactor research by 
Frederic de Hoffmann of General 
Atomic; the possibilities of studying 
the human aging process, by Charles 
L. Dunham, director of AEC’s biol- 
ogy and medicine division; and 
problems in the production of nu- 
clear-propelled aircraft, by Alan H. 
Lazar of Babcock & Wilcox. 
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PWR, Calder, Boiling Costs 


About Alike, Euratom Finds 


Chere is little or nothing to choose 
today between the cost of power 
from British and American reactors. 
(his is one of the most striking con- 
lusions arrived at by the Armand- 
Etzel-Giordani (“three wise men”) 
study group in a painstaking anal- 
out for Euratom. The 
report, “Target for Euratom,” was 
issued May 7 (NU, May °57, 20). 
The audacious Euratom goal, 15- 
million kw by 1967, would cost 
about $6.4-billion to install, the re- 
port reveals—$4-billion more than 
the same amount of conventional 
power capacity, although operating 
cost at 80% load factor would be 
only 11-14 mills/kwh for nuclear 
power as against 10.6-12 mills for 
conventional. Of the total cost $1- 
billion would be fuel inventory. 
To get this program rolling 
quickly, the report says, Euratom 
countries must either buy reactors 
from the U. S. or U. K., or build 
them under license. The only full- 
scale designs immediately available 
are pressurized water, boiling water, 
and Calder gas-cooled types. Com- 
paring these three in the order 
named, the report finds net fuel cost 
including fabrication, reprocessing, 


ind U-Pu credits) to be 2.7, 3.3, 


YSIS Carriec 


A-sub—off-the-shelf model 








and 1.7 mills/kwh respectively; fuel 
inventory charges 1.3, 0.8, and 0.7 
mills/kwh; capital charges 6.3, 5.4, 
and 7.4. After adding other oper- 
ating costs and 25% contingency, the 
cost range is calculated to be 11.3- 
14.1 for pressurized water, 10.5- 
13.1 for boiling water, and 10.8- 
13.6 for Calder-type. 

The report also comments that in 
the circumstances of Euratom, “it is 
extremely advantageous to be able 
to get U™ at the very favorable 
terms announced by AEC... . 
There is no basis for apprehension 
about the employment of enriched 


fuel on the ground that AEC prices 
are subsidized and therefore exert 
an artificial and unreliable effect on 
design.” 


AEC Licensing News 
Construction permit issued: The 
Martin Co., to build nuclear experi- 
ment facility at Middle River, Md., 
5/13/57 
Export licenses issued: ACF In- 
dustries, to export 5-Mw pool-type 
research reactor to Italy, 5/16/57 
AMF Atomics, to ship 1-Mw 
pool-type reactors to Greek AEC, 
Athens, 5/17/57; and to McMaster 
Univ., Hamilton, Ont., 5/17/57 
General Electric, to export a 3-Mw 
pool-type reactor to Junta de Energia 
Nuclear, Madrid, 5/22/57 


A few minutes after becoming water-borne, Skate—the Navy's (and world’s) 
third nuclear-powered vessel and first ‘assembly-line' A-sub—is towed to her 


fitting-out dock. 


Launching on May 16 marked passing of nuclear submarine 


construction program from developmental phase to quantity production: three 
sisterships of Skate are already on navy-yard ways, two at Portsmouth, N. H., 


one at Mare Island, Calif. 


With almost the same hull silhouette as Nautilus, 


Skate displaces 2,400 tons, about 25% less than either Nautilus or Seawolf, 
and her 265-ft length is about 60 ft less than either; she will be slower, as her 
Westinghouse pressurized water reactor, half the size of Nautilus’, has only half 


the output. 


Navy Undersecretary Franke said at launching that ‘Skate soon will 


be considered the conventional attack submarine’ 
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Texas Isotope Spill, 
BNL Blast Mar Month 


Two “atomic incidents” marred 

last month’s news. 
@ On May 2 it was learned that 50 
days earlier, on March 13, in the 
lab of the M. W. Kellogg Co. nu 
clear products division at South 
Houston, Texas, irradiated pellets of 
a mixture of compressed iridium-192 
and aluminum metal powder had 
been broken while being uncanned. 
“Severe contamination of the labo- 
ratory”—in AEC’s words—resulted. 
Nevertheless the lab remained in 
use 29 more days, the extent of 
contamination apparently not being 
realized; and it was 37 days before 
Kellogg notified AEC on April 19 
The firm had been encapsulating 
Ir” in radiographic cameras it sold 
to test welds and castings. 

The container, from Idaho, was 
being opened in an open-top hot 
cell with a master-slave manipulated 
cutting tool, which accidentally cut 
into the pellets. These disintegrated 
and a cloud of radioactive (low- 
level, 75-day half-life) dust particles 
spread through the lab, Four men 
present were exposed, but received 
only small doses; later three addi- 
tional men were found to be ex 
posed, as well as homes, cars, a pet 
dog. It was Kellogg’s second radia 
tion-burn incident in two years 

On May 2, 13 days after it 
learned of the incident, AEC ordered 
a suspension of Kellogg's isotope 
license. Tracerlab was brought in 
to survey and decontaminate the 
area. Kellogg fired its plant man 
ager. On May 11 AEC amended 
its radioisotope license regulation to 
require immediate notification of 
“potentially serious accidents.” Kel 
logg says it had decided months 
earlier to close out its nuclear prod 
ucts division as uneconomic. AEC 
gave the firm’s construction division 
permission to resume using sealed 
sources in its own work, 
® After 10 years’ operation with a 
clean record, Brookhaven National 
Laboratory suffered the supreme 
irony of having an accident while it 
was playing host to 100 distinguished 
Latin American nuclear scientists 

On May 15 an unexplained ex 
plosion took place in apparatus for 
ilot-plant study of fuel recovery 
i volatility methods using bromine 
trifluoride; unirradiated 
uranium was used in this test. The 
violence of the blast blew off a 
steel shield, permitting the corrosive 
halogens to splash out on fom 
workers. Three were treated and 
sent home, the fourth 
burned, is recovering 


natural 


sever; ly 


25 





Reactor News 


ARGENTINA HAS A-PLANT OFFER 

The Argentine government is studying an offer to build 
an $80-million, 280-Mw nuclear power station for the 
city of Buenos Aires, Nuctixonics has learned; Burns & 
Roe of New York would do the engineering on the proj 
ect in cooperation with the Argentine Technical Insti- 
tute for Light and Power. ‘The offer was first presented 
last July, and is still under consideration. It was 
presented by the J. Christensen Financial Corp., a firm 
with Argentine officers incorporated in New York in 
July 1956 to promote investment of U. S. capital in 
Argentina. ‘Type of reactor or fuel would be decided in 
a preliminary study; the plant would be built in 30 
months. Christensen would operate it at no profit for 
a 15-year amortization period, selling power to the 
government at a price not to exceed the mean cost of 
conventional power, after which the plant would be 
turned over to the government 


CANADA REVISING NPD DESIGN 


The possibility of having pressure tubes rather than one 
large pressure vessel in Canada’s first power reactor is 
one of the major design changes contemplated that 
has resulted in a temporary stoppage of all work at the 
Des Joachims, Ont., site of the 20-Mw Nuclear Power 
Demonstration reactor (NU, Oct. °56, 28). While 
excavation down to solid rock and general site — 
tion had been underway, Atomic Energy of Canada at 
Chalk River, 20 mi downstream on the Ottawa River, 
was completing a study for a 200-Mw reactor. Designs 
proposed for the larger reactor brought into focus some 
questions about the NPD design: it was felt the smaller 
reactor should incorporate and test advanced techniques 
for its successors. The next few months accordingly 
will be spent on revision of the NPD design. 


FIRST REPORT GOOD ON CERAMIC FUEL 


Four Argonne reactor engineers last month gave the 
American Ceramic Society annual meeting a first report 
on behavior of the urania-thoria ceramic core now in 
Borax-4 (NU, March '57, R8). The pioneering fuel 
elements consist of a mixture of uranium oxide and 
thorium oxide pellets sintered together and assembled 
in an aluminum high-nickel jacket. The core was de- 
signed to test those properties of ceramic reactor fuels 
that make them so promising: high corrosion resistance, 
ability to withstand high temperatures, and low irradia- 
tion-creep rate. Initial tests Temietube good resistance 
to corrosion in both water and NaK; and, operating 
under more extreme heat transfer conditions than previous 
Borax cores, the ceramic elements stood up satisfactorily 
at quite high levels of power output per unit volume 
of core. 


B & W CRITICAL FACILITY BUSY 


A first full-scale experimental mock-up of the core for 
Con Edison's Indian Point power reactor went through 
initial critical tests in Babcock & Wilcox’s critical experi- 
ment laboratory at Lynchburg, Va. In the zero-power 
experiments, the Indian Point fuel elements (NU, April 
‘57, 20) were represented by assemblies of aluminum 
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plates to which are taped polyethylene strips containing 
U** and thorium powder. A second concrete cell to 
house a second critical facility is nearing completion 
adjacent to the existing one (NU, June 56, 21B); it will 
be used to obtain nuclear physics data needed to design 
the —— water reactor for the first nuclear 


vant ship (NU, May ’57, 21). 


merc 


WTR BACK ON TRACK ... 


After having put off ground-breaking late in December 
during a “re-evaluation of capital-expenditure priorities” 
(NU, Feb. ‘57, R10), Westinghouse is sentiiine with 
construction of its materials testing reactor at Waltz Mill, 
Pa., 29 mi. SE of downtown Pittsburgh. WTR, for 
which AEC has already issued a construction permit, 
was the first privately-owned test reactor to be an 
nounced. 


. . » AND GETR STARTING 


Construction will start shortly on a $4-million materials 
testing reactor at General Electric’s Vallecitos Atomic 
Laboratory, it was announced at the lab’s dedication 
ceremonies (see photo, p. 22). Scheduled to be com- 
pleted in late 1958, the General Electric Test Reactor 
will be a 30-Mw (heat) ORR or tank-in-a-pool type, 
with fully-enriched uranium in 20 flat-plate open 
It will be enclosed in a capsule-shaped containment 
vessel 66 ft dia, 82 ft high (70 ft above grade, 12 ft 
below), similar to the one containing the Vallecitos 
developmental boiling water power reactor. Irradiation 
of test samples will be possible both inside the reactor’s 
aluminum pressure vessel and outside it in the pool. 
Initially, GETR will be used in developing nuclear fuels 


AMF DUTCH REACTOR CRITICAL 


Ihe pool research reactor AMF designed and, with the 
help of Dutch industry, built for the Netherlands became 
the first reactor sold abroad by U. S. private industry to 
go critical, on May 20 (NU, Oct. ’56, R5; March 57 
R12). The reactor will operate at 10 kw until Sept. 16 
as main feature of the international exhibit “Het Atoom” 
(The Atom) at Schiphol Airport, Amsterdam; thereafter 
it will be moved to the Netherlands Nuclear Research 
Center for 100-kw operation. 


PRECRITICAL TESTS AT OMRE 

Early last month precritical testing of the Organic Mod 
erated Reactor Experiment began at the Idaho reactor 
testing station under the direction of Charles A. Trilling, 
OMRE project chief for Atomics International. AI is 
building the unit for AEC. Construction was essentially 
completed late in April; the reactor is slated to go critical 


this fall. 


SPERT SPECS ISSUED 

Plans and specifications for the $1.3-million construction 
contract for SPERT-2 were issued late last month. This 
second of the Special Power Excursion Reactor Tests 
(NU, March '56, 46; June '56, 46) is a low-pressure 
(300 psi), low-temperature (400° F) system to test 
effects of different moderators and reflectors (light and 
heavy water, graphite, beryllium) on transient behavior 
and safety. The work, expected to take 15 months, 
includes a 60- x 92-ft reactor building; construction of 
non-nuclear portions of the reactor system including 
reactor te process piping and coolant system; elec- 
trical power system; waste disposal system; and three 
storage tanks of 14,000, 15,000 and 20,000 gals. 
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World News 


New Site Chosen for German Labs 





After long deliberation, the state government of North 
Rhine-Westphalia has abandoned Kénigsforst just west 
of Cologne as site for its big nuclear research center 
(NU, July 56, R1; Oct. 56, R10; Jan. 57, R9). Instead 
the $20-million center will be located at Diiren, halfway 
between Cologne and Aachen, and somewhat more re- 
mote from large population centers. The lab complex, 
comprising 12 institutes, is to be completed in four 
years; half its cost is to be paid by the Federal Republic. 
It will serve primarily the training and research needs 
of four nearby universities: Cologne, Bonn, Miinster, and 
the technical university at Aachen. Two British research 
reactors—a Merlin pool and a Dido heavy-water materials 
testing reactor—were ordered last summer. 


British Briefs 


Sir Christopher Hinton prophesied that nuclear power 
stations will be producing power by 1980 at half the cost 
in conventional stations; by 2000 even domestic space 
heating would come primarily from nuclear power, he 
said... . F. J. Erroll, parliamentary secretary to the 
Board of Trade, told Commons the Atomic Energy Au- 
thority is considering bismuth for future reactor systems 
but has no present plans for stockpiling the metal. He 
said it must “remain unknown for some time” what type 
of reactor will be chosen for eventual “large-scale pro- 
duction.” “LMFR systems are still in an early stage 
of study—not even of development,” he said; “there are 
many competing forms of reactor awaiting development.” 
He was explaining why the government rejected a pro 
»0sal by Mining and Chemical Products Ltd. to stockpile 
yismuth. . . . A super-size nuclear power station of 400- 
500 Mw was proposed by Central Electricity Authority 
for the Hinkley Point, Somerset, site (NU, Dec. ’56, R1) 
The English Electrico-Babcock & Wilcox-Taylor Wood- 
row consortium is negotiating on this third CEA station, 
which would have two graphite-moderated, gas-cooled 
(improved Calder type) reactors. . . . Negotiations are 
under way for formation of another large nuclear energy 
development organization between the airplane builder 
Hawker Siddeley and John Brown, the Clydebank ship 
yard that built Queen Mary and Queen Elizabeth. 
Hawker Siddeley had already formed a nuclear power 
subsidiary (NU, Dec. 56, Rll). . . . Orders for nuclear 
power plants are expected to top $1.26-billion by 1958 
Of this, one-third will be for export, probably to Japan, 
Italy, Germany and Holland. To meet demand for 
small—10-20 Mw-—stations, Britain may obtain pur- 
chase rights to U. S. power plants until new British 
designs become available. Meanwhile British gas-cooled 
plants are being designed capable of burning slightly- 
enriched uranium at outputs as low as 60 Mw. (Cal- 
der’s gross output is 92 Mw.) 


French Nuclear Navy School Set 





Certain that nuclear energy will power the ships of the 
future, the French Navy is establishing a school for 
atomic marine propulsion at Cherbourg, to train naval 
officers at all levels: officers, petty officers, engineers and 
sailors. Apprenticeshi $s oat ta given at the national 
nuclear center at Saclay, where five naval officers are 
already studying nuclear naval engineering. An embryo 
crew for the first A-ship, the submarine Q-244 (NU, 
May °57, 27) is being chosen. 
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Radiation Study Center for Japan 





A $4.7-million atomic research center for study of fallout, 
radiation effects on the body, treatment of radioactivity- 
induced diseases, and training of doctors and technicians, 
is to be built near Tokyo at Tokai village, site of Japan's 
Atomic Energy Research Institute and her first research 
reactor. The new lab, to be completed in 1960, will be 
called the National Basic Radiotherapeutic Research In- 
stitute; it will have 256,000-ft* total floor space sprawled 
over 50 acres, and will make Tokai village the radio- 
therapeutic center of Japan, if not of the entire Orient. 


Saskatchewan Uranium Booming 





Northern Saskatchewan's Beaverlodge is shaping up this 
spring into a $60-million/yr uranium field accounting for 
22% of Canada’s total contract production. Seven com- 
panies are shipping, or preparing to ship, ore to three 
concentrator mull in the area with a combined capacity 
of 4,100 tons/day, expected to rise to 4,600 tons by 
midsummer. Several other companies are awaiting 
completion of spring thaw to step up geophysical, drilling 
and underground exploratory work. 


Czechs Hard Put to Meet Russian Orders 


“The Lenin Works of Pilsen [the former Skoda Works] 
are unable to fill Soviet delivery orders for nuclear 
machinery and gear on time,” said Czech Deputy 
Premier Karel Polacek. Last year the Lenin Works ex- 
ported only 69.4% of the required volume, causing a 
$7.7-million shortage in this state enterprise export 
business. Moscow had ordered machinery and gear, 
tools, and secondary material for Soviet nuclear fonts 
early in 1956. Czechoslovakia was forced to comme 
the Lenin Works’ traditional field—machines for metal 
and wood working—to switch to the atomic machinery 
the Soviet demanded. Polacek stressed that “Czecho- 
slovakia’s own atomic power plant will also pet ma- 
chinery from the Pilsen firm—after the export obligations 
have been fulfilled.” 





Belgium Eyes Congo Reactor Market 





The newly-formed Société Belgonucléaire, interested in 
egee nuclear power plants in the Belgian Congo, 
has made a study showing that boiling water reactors 
with slightly-enriched cores in sizes from 1 to 10 Mw 
(electrical) would be competitive today in about half 
of the Congo, in areas out of transmission reach of exist- 
ing hydro plants. 


Internuclear Gets Italian Tie 





Internuclear Co., nuclear consultants of Clayton, Mo., 
has been chosen consulting engineers for design and 
construction of a large power reactor in southern Italy 
planned by SENN—Societa Elettronucleare Nazionale 
(NU, April 57, 27) [not to be confused with SELNI— 
Societa Elettronucleare Italiana (NU, Oct. '56, R10)] 
Reactor type, site, etc., remain to be decided 


AI Ships Water-Boiler to Denmark 





Twenty-five crates containing a 5-watt water boiler re 
search reactor were in the cargo of the Swedish express 
freighter Seattle when she sailed from Los Angeles for 
Copenhagen. The Atomics International unit, fueled 
with uranyl sulfate solution, is for the Danish nuclear 
research center on Risg peninsula 20 mi W of the capital, 
and is to be in operation this summer. 
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News in Brief 
Report on HRT 


The Homogeneous Reactor Test ran at full temperature 
and pressure for over 1200 hr early this year, Oak Ridge 
National Laboratory disclosed; natural uranium was 
circulated under full design conditions for 500 hr, and 
equipment performance was excellent, except for high- 
pressure feed pumps and letdown valves, now being 
improved, At present all high-pressure system flanges 
are being replaced, because of chloride contamination 
(NU, Jan. ’57, R4); criticality may be possible by Fall. 
ORNL also revealed it is planning a 150-Mw (heat), 
6 x 10” flux homogeneous research reactor and a 50- 
Mw thorium breeder HRE-S. 


Nautilus Heads for Pacific 

Nautilus’ second core “represents a significant advance” 
over her original fuel charge that drove her 69,138 mi 
in 26 months, Westinghouse discloses Propelled by 
her new and more efficient core, the pioneer A-sub is 
getting her first taste of Pacific waters: she sailed May 
21 from Panama for Pearl Harbor, Seattle, San Fran- 
cisco and San Diego, is due back at Panama July 14 
and at New London late in summer 


Second Reactor for N. C. State 

A second research reactor will be built by North Caro- 
lina State College, owner of the country’s first private 
university reactor. The new unit, to be completed next 
summer, may be an Argonaut or a pool type, and is to 
operate at 50-100 kw; Daystrom, Cook Electric, Amer- 
ican-Standard and General Nuclear Engineering Corp. 
have submitted bids. It will be housed in the building 
now accommodating the first water-boiler, using the 
latter’s shielding and instrumentation. The water-boiler 
which has been operating for a month following a two 
year shutdown due to core leaks (NU, March ’57, R9), 
will be moved to new quarters 


Lithium Tails Available to Industry 

Foote Mineral Co. has revealed that it is one of three 
producers supplying AEC with lithium; under a five- 
vear contract, it supplies “virgin” lithium hydroxide 
In spite of the easing of security under which this in 
formation was released, the quantity of material involved 
and AEC’s end use for lithium are still classified. It was 
stated, however, that AEC is interested in Li®, one of the 
two naturally-occurring isotopes. Li®, only 7% of virgin 
lithium, has a high neutron-absorption cross section and 
has been used not only in manufacture of H-bombs but 
also in reactor shielding. In addition it has potential as 
a tritium breeder in the blankets of fusion reactors. 
Foote has an option on lithium “tails”—-material depleted 
in Li*—tremaining of virgin LiOH it supplied to AEC, 
and this is available for commercial use. Low neutron 
cross section of Li’ makes these tailings attractive as 
starting material for lithium reactor coolant. Foote says 
that in spite of its contract with AEC, “there is more 
lithium available to industry than there has ever been.” 


New Slate at NEWA 

Clare M. Cotton Jr. of the Wall Street Journal was elected 
president of the Nuclear Energy Writers’ Association, suc 
ceeding Nuc.eonics’ editor, Jerome D. Luntz, who had 
led the organization in its first two years. Corbin Al 


lardice of the World Bank and Roger P. Hammond of 
General Electric are new vice-presidents, and Grace 
Wells Urrows, public information chief for AEC in New 
York, the new secretary. Edwin A. Wiggin of the 
Atomic Industrial Forum continues as treasurer. 


AEC-Forum-ANS Set Safety Meeting 

AEC, the Atomic Industrial Forum, and the American 
Nuclear Society will co-sponsor a technical conference 
on reactor safety in New York Oct. 31. An unclassified 
meeting, it follows the Forum-ANS conferences. 


Atlantic Research a Nuclear Newcomer 

A program of consulting and project services will be 
offered by Atlantic Research Corp. of Alexandria, Va., 
recent entry in thé nuclear engineering field. Michael 
Markels, Jr., previously with Columbia Univ.’s heat 
transfer facility, directs similar operations at Atlantic. 


J. J. Hopkins Dead; Pace Succeeds 

In 1937 John Jay Hopkins became a director of Electric 
Boat Co., a small shipyard pre-eminent in its specialty: 
submarines. In 1946, he started expanding with acqui- 
sition of Canadair, a major Canadian plane builder; in 
1952, on becoming board chairman as well as president, 
he set up General Dynamics Corp., with Electric Boat, 
its Electro Dynamic Co. subsidiary, and Canadair as 
divisions. Convair and Stromberg-Carlson Co. followed 
by the merger route, and in 1955 the General Atomic 
division was created. Five of six GD divisions are 
heavily involved in nucleonics. In 1956 GD became 
one of about 30 U. S. firms to chalk up net sales of 
more than $1-billion. Hopkins was active also in pro- 
moting schemes for international cooperation based on 
peaceful harnessing of atomic energy. Last month 
Hopkins, 63, died in Washington, of cancer. Executive 
vice-president Frank Pace, Jr., former U. S. Budget 
Bureau director and Secretary of the Army, succeeded as 
president; Earl D. Johnson, senior vice-president for 
operations and fiscal affairs, succeeds to Pace’s post. 
Board chairmanship is still vacant 


AEC Signs Two Uranium Contracts 


What is described as the nation’s largest uranium proc 
essing mill will be constructed 25 mi north of Bluewater, 
N. M., by Kermac Nuclear Fuels. Costing $16-million, 
the mill is scheduled to have 3,300 tons/day capacity 
and is contracted to run until Dec. 31, 1966 . 
Homestake-Sapin, a partnership formed by Homestake 
Mining and Sabre-Pinon, will construct a $9-million 
uranium mill in the Ambrosia Lake area of New Mexico. 
The mill is committed to a $117-million contract for 
processing 1500 tons/day capacity. 


Wah Chang Dedicates Zr Plant 


A privately-financed zirconium sponge plant at Albany, 
Ore., built in six months and operating since January, 
was dedicated by Wah Chang Corp. of New York. Wah 
Chang has also been operating the Bureau of Mines’ Zr 
plant, also at Albany, for AEC since May 1956; com- 
bined production of the two plants makes Wah Chang 
the world’s largest Zr producer, the firm says. It all 
now goes to AEC, but by July Wah Chang hopes to 
have reactor and commercial grade Zr available for direct 
sale to private industry. 


Glenn Martin Shortens Name 


The Glenn L. Martin Co. at a stockholders’ meeting 
voted to shorten the title to The Martin Co 
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REL ’s Fast-Slow Neutron Survey Meter 


Greater Gamma Discrimination, Transistorized and Etched Circuitry 


actually years ahead of its time. 


Greater gamma discrimination capabil- 
ities, lighter weight, printed circuitry 
throughout, log scale, reduced power re- 
quirements are only a few of the features 
that make the RCL the neutron survey 
meter of tomorrow. 


Greater Gamma Discrimination: You 
receive one hundred times the gamma 
discrimination ability with the RCL Fast- 
Slow. The RCL discriminates against 
gamma radiation up to 100 r/hr; others 
cannot discriminate above 1 r/hr. 


Completely Transistorized: Oscillator H. 
VY. supply, completely transistorized, is 
lighter, more efficient than a vibrator, 


needs less current. Reduced power con- 
sumption, plus the mercury cell power 
supply affords much longer battery life. 
Needs no warm-up time. 


Lighter Weight: Easier to handle. New 
RCL Boe» | is transistorized, smaller 
gross size and weight, uses less power. 
Weighs less than ten pounds. 


Logarithmic Rate Meter: Log read out 
allows you to read the entire range of the 
instrument on a single scale 
SPECIFICATIONS: 


Slow Neutron Detector: Enriched BF, 


detector counts neutrons below 0.1 MEV. 


Fast Neutron Detector: Methane-Argon 
filled, polyethelene lined detector counts 
neutrons with energies between 0.1 and 


15 MEV. 


Power, High Voltage Supply: Two 22', 
volt, 1000 ma-hr ol mercury cells 
and one 1!» volt Mallory mercury cell, 
transistorized oscillator circuit developing 
1500 volts 


Count Rate Meter Circuit: Transistorized 
three stage amplifier and trigger pair, 
followed by tank circuit and log scale 
electrometer tube 





Radiation 


Counter 


Laboratories,inc. | "” 


Radiation Counter Laboratories, Inc., Dept. 167 
Nucleonic Park, Skokie, Illinois 

Gentlemen: Please send me additional specifications, price quotations, 
and delivery information on RCL's Fast-Slow Neutron Survey Meter 


Nome 


Title 


Address 


NUCLEONIC PARK, SKOKIE, ILLINOIS 
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To engineers whose 


creative energies are being 


cramped by routine duties... 


DOUGLAS GIVES YOU 
PLENTY OF “ELBOW ROOM” 
TO USE YOUR FULL TALENTS! 


Become a part of a crack engineering team building for 
tomorrow ... yet enjoying the rewards of accomplishment 
today. If you’re tired of the routine, let your creative energies 
express themselves at Douglas. Whatever your engineering field, 
you will assure yourself a rewarding career by taking advantage 
of the many opportunities Douglas offers, such as... 


KEY OPENINGS FOR AgRODYNAMiciISsTS: Aeronautical 
Engineers with undergraduate and graduate degrees 
# and Physicists with advanced degrees work on 
supersonic aircraft now in production ...and on 
nner Wits > hypersonic aircraft in all phases of development 
from design to ultimate delivery. 


Se DOUGLAS > 
| Y p= 


AS 


For important career opportunities in your field, write: 


c. C. LaVENE 
DOUGLAS AIRCRAFT COMPANY, BOX L-620 
FIRGT IN AVIATION SANTA MONICA, CALIFORNIA 
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RADIATION SHIELDING 
1S OUR SPECIALTY... 


Manufactured and Installed to suit 
the specific requirements of ... 


= ATOMIC ENERGY 

= NUCLEAR INDUSTRIES 

= HOT LABORATORIES 

= INDUSTRIAL X-RAY ROOMS 
= BIOLOGICAL LABORATORIES 


Stainless steel equipment of intricate design, 
fabricated to precise tolerances. Years of ex- 
perience in the A. E. C. field enables us to 
meet your most rigid requirements . . . 


- « « « ETR recently built by 
0. G. Kelley & Company for the 
A. E. C. installation, Scoville, Idaho. 











BOSTON 22, MASSACHUSETTS a 


DEVELOPMENT 
RESEARCH 
PRODUCTION 


GAMMA IRRADIATORS 


RADIATION CELLS 
RADIATION CAVES 
VIEW PORTS 
SHIELDS 


A Few of Man¥ Possible Applications: 
OIL PRODUCTS e PLASTICS 
Present Installatio 


at FOOD IRRADIATION '° DRUG STERILIZATION 


MEMORIAL CENTER 


PARKE-DAVIS BIOLOGICAL STUDIES « INSECT CONTROL 


FORT KNOX 


Custom-built to specific requirements. 


All equipment designed, May we consult with your engineers? 
engineered and built in 


our plant 


SEND FOR OUR LATEST CATALOG 


You are cordially invited to visit our plant and tour its facilities 


BAR-RAY PRODUCTS, INC. 


209-25th Street, Brooklyn 32,N.Y. Telephone: SOuth 8-1020 
Evropeen Representative: Mr. C. &, Ferrero, Via G Tomassetti 8, Rome, Italy 
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Three of America’s LARGEST ATOMIC POWER PLANTS 
wie MAJOR COMPONENTS, 


60,000 KW SHIPPINGPORT PLANT 
of the AEC and Duquesne Light Company 


%Steam Generators. Two of the four steam generators for America’s 
first full scale commercial atomic power plant have been designed and 
fabricated by Foster Wheeler. They will convert heat from the pressurized 
water reactor into steam for operating the turbo generator. 


%Pressurizer. Also supplied by Foster Wheeler is the 18-ft high, 300 cu ft 
pressurizer used to maintain coolant loop pressure. It is designed for 2500 
psig at 675 F and contains 342 electric immersion heaters for controlling 
operating pressure, 


275,000 KW INDIAN POINT PLANT 
of the Consolidated Edison Company 


Separately-Fired Superheaters. Saturated steam from the pressurized 
water reactor will be superheated from 447F to 1000F by two Foster 
Wheeler oil-fired superheaters, each with a capacity of 1,075,000 lb/hr at 
410 psia. Compared to operation with saturated steam direct from the 
reactor, addition of the superheat cycle will raise plant capacity from 
163,000 kw to 275,000 kw and reduce estimated plant cost from $350 to 
$255 per kw. 


180,000 KW DRESDEN STATION 
of the Commonwealth Edison Company 


Primary Steam Separator. Primary steam generated in the reactor 
will be separated from the water in a Foster Wheeler steam drum designed 
for a pressure of 1250 psia and capable of delivering 1,400,000 lb/hr at 
1000 psia with a moisture content of not over 0.1%. 


Secondary Steam Generators. Primary nuclear heated water will be 
converted to secondary steam for a reduced-pressure turbine stage by four 
Foster Wheeler steam generators with a combined capacity of approxi 
mately 1,190,000 lb/hr at 510 psia saturated. 


In addition to the above major nuclear well as specialized tank-type research 
components, Foster Wheeler know-how reactors. 

encompasses the design and fabrication For further details on any of these 
of complete nuclear power plants of the items, write to Foster Wheeler Corpora- 
aqueous homogeneous reactor type as tion, 165 Broadway, New York 6, N.Y. 


FOSTER WHEELER 


NEW YORK +* LONDON «+ PARIS « ST. CATHARINES, ONT. 
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you can 


the difference 


in the 


and it costs no more! 


Now, with the many accessories offered, the Central Research Manip- 
ulator lets you perform an even greater variety of intricate opera 
tions. All of these accessories are remotely interchangeable . . . each 
is the product of precision craftsmanship and exacting control of 
tolerances. The manipulator itself has that inherent “sense of feel’ 
which is the result of continuous design improvement and rigid 
quality control throughout every phase of manufacture. Field main 


tenance is simplified by standardization and interchangeability of 


parts, yet each manipulator is ‘‘custom built’”’ by skilled craftsmen 
with years of experience. Because of this individual attention the 
CRL Manipulator is easily adapted to your particular needs. 

If you use—or plan to use—hazardous materials that require 
intricate handling, CRL Manipulators will speed up your production 
or research program. We will also be glad to advise you on the layout 
of hot cells and other research areas, to help you gain maximum 
benefit from your CRL Manipulator 
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central research manipulators 
Jrom basic Argonne National Laboratory design 


wrile today for complete information to: 


Cénie Rescweh, 


laboratories, inc. 
Red Wing, Minnesota 


Dept.101 
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The positive TO control lets the radiographer 
stand well away (up to 50 feet) from the cast 
ing os he drives the “pill” into radiographic 
position. 





ia 








The man up there radiographing that 2” thick 


steel casting down there will have the job 

He's doing the job with 50 
curies of Iridium 192 carried 
owe P . ° in this TO412A mobile radi- 
That's how fast modern gamma radiography is. ography unit, 


done in four minutes 


The isotope he’s using (Iridium 192) will give him 
2% sensitivity, too. Matter of fact, you can easily 
get 2% sensitivity in sections up to 6” of steel, 
brass, copper, bronze .. . even lead... when you 
match the isotope to the job. 


Makes no difference what you make or buy or sell 25 South Broadway, White Ploina, W. ¥ 
(plastics, light metals, fabricated parts, assemblies — 
the list is endless) if it needs radiographic 

“seeing into” for quality control, we have the machine 
(gamma or x-ray) to do it most efficiently. 





If you are confronted by an inspection problem 
why not let our consulting radiographers see what they 
can do for you? It will cost you nothing, may save 
you a lot, Call your local Picker* representative or 
write us outlining the situation. 

One “shot” radiographs the entire girth of 


the casting. Picker Flexible Film Holders are 
quickly taped on, quickly removed 


*There’s probably a Picker district office 
near you (see your local phone book). 


ANDREX lightweight portable x-ray units—130 KY, 160 KV, 200 KV, 260 KV and Androscope K-ray Stress Analyzer 


PICKER x-ray units—5 to 50 KV, 150 KY (stationary and mobile), 270 KV portable, 260 KV heavy-duty, x-ray 
diffraction apporatus, rayproof inspection cabinets. 


ACCESSORIES . . . films, tanks, darkroom sundries, illuminotors, everything. 


F TECHNICAL OPERATIONS units for isotope radiography—sources, equipment, contoiners for Iridium 192 Cesium ts? 
Coball 6 and Thulium'7° 
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WHICH OF THESE PROBLEMS 
immediate openings 
FIT YOUR FIELDS for Engineers and 
OF INTEREST Scientists with B.S. or 


advanced degrees 
IN and qualifications in: 


NUCLEONICS | Catetyzetion 


Control Mechanisms 


wy © Corrosion Analysis 


Heat Exchange 
Heat Utilization 
instrumentation 
Metallurgy 
Nuclear Materials 


Nuclear Power 


Challenging career opportunities at Bell Aircraft await the engi Utilization 


neer or scientist whose fields of interest lie in nuclear research 
and development Nuclear System 


Operation 
Here you can join a project team consisting of top-flight spe 


cialists in engineering development Key roles in important Polymerization 


projects are being played by Reactor Analysts, Nuclear Systems 
Process Heat 


and Components Engineers, Mechanism Designers, and Radia ; 
' Experimentation 


tion Scientists 


on Radiation Effect 
Phese project teams at Bell are currently solving problems in 


Radioisotope 


1. Design of improved reactor control and handling 
Application 


mechanisms 
2. Development of a reactor for commercial application Structures Analysis 
3. Research on the effects of radiation on materials 


and compone nets 


If your qualifications place you ina position to help solve these 


challenging problems... or if you are now limited in the scope 


of your opportunity and would like to participate in any of 
y | | | y 


Bell's nuclear or other widely diversified activities, write today: 
Manager Technical Personnel, Department N-3, Weapon 
Systems Division, BELL AIRCRAFT CORPORATION, 
P.O. Box One, Buffalo 5, New York. 
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Inner secrets of inner valves 


FACTS EVERY CONTROL VALVE USER SHOULD KNOW 


This is a rare photograph . . . presented in a com- 
pletely unretouched form, It shows the inner valve 
of leading makes of diaphragm control valves. The 
inner valve determines the control result. 

The most amazing fact is the size all are 
listed as two inch valves, All are high lift. But 
compare them. 

Note the Krevey & MUvetrer inner valve at the 


far left. It equals the others on every point of con- 


sideration ; exceeds on many. Look at the diameter 
across the skirt... that’s one reason for the re- 
markable Cy of K&M valves. Look at skirt length; 
the solid, not fabricated, design. Measure 
the rugged guide posts and the large column, 
Examine the machining and the super-finishing. 


.» K&M is the valve that likes 


to be compared. It’s a better valve and a better value 


It’s no wonder . 


by every measure of comparison. 


FOR THE COMPLETE FACT 
write for the KaM Valve Engineer 
ing Data Catalog, Bulletin CV53. 


KIELEY & MUELLER, INCORPORATED 


Oldest Pressure and Level Control Valve Manufacturer 
64 Genung Street, Middletown, New York 


Our 78th Year 
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Another outstanding company selects an 
AMF Atomic Reactor 


STERLING 
FOREST 


’ 


Copyeign by Bond MiMally & Compuny 


eee” 
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5 megawatt pool type research reactor 
to be built for Union Carbide Corporation 


This new AMF reactor—to be located in Sterling Forest, just 
outside Tuxedo Park, N. Y.—brings toa total of /2 the research 
and power reactors either completed, under construction, or 
under contract by AMF ATOMICS. 


A larger version of the pool type reactor now operating at 
Battelle Memorial Institute, the new reactor will be the heart 
of Union Carbide’s new Nuclear Research Center. It will be 
devoted to the commercial application of nuclear energy in 
plastics, metals, gases, chemicals, and carbons. This project is 


in addition to Union Carbide’s activities at Oak Ridge National 
Laboratory which the corporation operates for the U. S. Atomic 
Energy Commission. 


Like all AMF-designed reactors, this new reactor is based 
upon AMF'’s famous “unitized” engineering principle, a form 
of “building block’’ design which provides not only for eco- 
nomical construction, but for great reactor flexibility as well. 


Average neutron flux in the order of 3 x 10 n/sq cm-sec. 
will be available. Controls are of the thoroughly-proved AMF 
design now in use in reactors throughout the world, including 
those soon to go “critical” in Germany and Holland, 


In addition to the safety features inherent in this type of 
reactor, a number of other AMF-developed safety features 
have been incorporated, adding still further to the reliability 
and safety of the reactor. Facilities will include two 8” and 
four 6” diameter beam tubes, a 4’ x 4’ thermal column, and a 
number of hydraulic and pneumatic ‘‘shuttles’’, in addition to 
the access to radiation provided by the pool proper. 


If you have a reactor project in mind, or are considering the 
purchase of associated handling or control equipment, follow 
the lead of an atomic pioneer. Discuss your plans with AMF 
ATOMICS. You'll find the world’s leading designer and pro 
ducer of research reactors an invaluable partner. For more 
information on AMF reactor designs, including pool type, light 
and heavy water tank-type, educational training reactors, and 
closed-cycle boiling water power reactors, simply write the 
address below. 


© Power and Research Reactors 


a" AMF ATOMICS © Radiation Process Equipment 
ATOM ! Cc S Division of AMERICAN MACHINE & FOUNDRY COMPANY ¢ Reactor Control Systems 
AMF Building + 261 Madison Ave. « New York 16, N.Y. © Radio-active Material Handling Equipment 
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Atomic power in Caesar’s day? 


Certainly! 


It was there, in the ground, in the air and water. It 
always had been. There are no more “raw materials” 
today than there were when Rome ruled the world. 

The only thing new is knowledge .. . knowledge of how 
to get at and rearrange raw materials. Every invention 
of modern times was “available” to Rameses, Caesar, 
Charlemagne. 

In this sense, then, we have available today in existing 
raw materials the inventions that can make our lives 
longer, happier, and inconceivably easier. We need only 
knowledge to bring them into reality 

Could there possibly be a better 
strengthening of our sources of knowledge 
and universities? Can we possibly deny that the welfare, 
progress —indeed the very fate 
on the quality of knowledge generated and transmitted 
by these institutions of higher learning? 

It is almost unbelievable that a society such as ours, 


argument for the 
our colleges 


of our nation depends 


which has profited so vastly from an accelerated accumu- 
lation of knowledge, should allow anything to threaten 
the wellsprings of our learning. 





Yet this is the case 

The crisis that confronts our colleges today threatens 
to weaken seriously their ability to produce the kind of 
graduates who can assimilate and carry forward our 
rich heritage of learning. 

The crisis is composed of several elements: a salary 
scale that is driving away from teaching the kind of 
mind most qualified to teach; overcrowded classrooms; 
and a mounting pressure for enrollment that will double 
by 1967. 

In a very real sense our personal and national progress 
depends on our colleges. They must have our aid. 

Help the colleges or universities of your choice. Help 
them plan for stronger faculties and expansion. The 
returns will be greater than you think, 





If you want to know what the college 
crisis means to you, write for a free book- 
let to: HIGHER EDUCATION, Box 36, 
Times Square Station, New York 36, 
New York. 


HIGHER EDUCATION 


“eer IT smIOHrT 











Sponsored as a public service, in cooperation with the Council for Financial Aid to Education 
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want to keep a “hot tuid’’ 
in its 
place? 


Now, you can look at your product or process with 
zirconium in mind! For example, tests indicate that 
only tantalum is comparable to zirconium in resisting 


hydrochloric acid — and zirconium is less costly 


C-N Zirconium will be available in commercial quanti 
ties in the near future. Now is the time to investigate 
the remarkable corrosion resistance of zirconium—as 
demonstrated in the nuclear field and in certain in 


dustrial applications. 


Columbia-National is undertaking a product research 
program to investigate the merits of zirconium in spe- 
cific media. If you have severe corrosion problems, 
C-N offers laboratory and research facilities to estab 
lish how and where zirconium can solve your prob 
lem. Write us about your requirements. Send for tech 
nical data on properties and corrosion resistance of 
this new metal. 






Pame WEW/META 
ig ve WETALS FOR INDUSTRY 





Columbia-National 





Jointly owned by 





* + 
Columbia-Southern Chemical Corporation and 


fs A 
National Research Corporation 
a N | Research Cor] 
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a 70 Memorial Drive, Cambridge, Maaa 
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nuclear shiel 
x-ray protec 
light 





* PIONEERS IN THE CREATIVE USE OF 
MATERIALS FOR STRUCTURAL RADIATION SHIELDING 


* JUDGE RAY PROOF BY THE CUSTOMERS IT KEEPS 








- 
Aerojet-General Corporation 
a tae stianne Pont. American Brake Shoe Company 
Bie ; Chrysler Corporation 
msiog Finan BA casi Curtiss-Wright Corporation 
Dow Chemical Company 
} tates ny DuPont, E. |. DeNemours & Co., Inc. 
Fairchild Engine & Aircraft Corporation 
HIGH DENSITY oLAss Ford Motor Company 
Genera! Electric Company 
Goodyear Tire & Rubber Company 


man Hamilton Standard 
Div. of United Aircraft Corp. 


Pratt & Whitney Aircraft 
Div. of United Aircraft Corp. 


Reynolds Metal Co. 
Westinghouse Electric Corp. 











HIGH DENSITY 
CONCRETE BLOCK 


WE INVITE YOUR INQUIRIES WRITE TO DEPT. NUC-6 


RAY PROOF 


-CORPORATION 
843 CANAL STREET, STAMFORD, CONN. 
N.Y. Phone: Plaza 7-0810 
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zirconium 


titanium 


uranium 


Fale Mmeh alls 
atomic energy metals 





This versatile “‘rmusclie-man’’ handies delicate 
or heavy duty equipment with equal ease 


Heavy-duty and delicate operations within a hot lab are adroitly performed with the General Mills Mechanical 


Arm. For special requirements, telescopic or television viewing gives the versatile device nearly limitless ‘‘reach 


General Millis Mechanical Arm 


performs hazardous human tasks remotely. 


This easily controlled electro-mechanical 
robot magnifies many times the strength and 
dexterity of its human operator in radioac 
tive, volatile, toxic or other lethal areas. It 
lifts and carries 750-pound loads, but also 
handles delicate laboratory equipment with 
like agility. Unlike the human arm, its wrists 
can turn continuously, and it will maintain 
any position or gripping force for unlimited 
periods. Adaptable to any installation re 
quirements, it can be mounted on a crane or 
vehicle to provide complete, remote mobility. 


GET MORE FACTS—SEND FOR BOOKLET 
Write: Dept. N-6, Mechanical Division, 
General Mills, 1620 Central Ave. N.E., 

Minneapolis 13, Minn 


**Finger”’ grip may be 
varied from a soft, 
delicate squeeze to a 
clamp force of 150 
pounds. Numerous 
special grasping de- 
vices are available 





This “‘hook’”’ is used 
for carrying and lift 
ing or for holding 
some types of tools 
It and the jaws are 
easily interchange 
able remotely 


Coordinated pistol- 
grip handles permit a 
natural movement 
which quickly be- 
comes instinctive. 
Visual-audio signals 
indicate grip force. 


MECHANICAL DIVISION OF General Mills 


CREATIVE RESEARCH AND DEVELOPMENT - PRECISION ENGINEERING AND PRODUCTION 
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CORROSION RATE 
Less than .0002 inches per year 
in boiling, concentrated 
hydrochloric acid. 





World's First Commercial Zirconium Reaction Tank — anorhe: 
frst with ZIRCONIUM by The CARBORUNDUM METALS Company 
Reaction Tank manufactured by The Pfaudler Company 


MORE...in 


corrosion resistance 
to either acids or 


caustics...with 


ZIRCONIUM 


ZIRCONIUM GIVES YOU greater corrosion versatility than any other 

commercial metal. Reaction Tanks made of ZIRCONIUM, for example, provide resistance 
against strong mineral acids and strong Caustics or organic compounds, Two-way 
resistance to corrosion not only gives added protection against Contamination but it nou 
permits an interchanging of basic components in chemical processing equipment 
ZIRCONIUM valves, tanks, filter presses or pumps can be interchanged as 

desired for service in either strong acids or alkalis. 


For turther intormation on the many corrosion-resistant benefits of ZIRCONIUM, write 
to The CARBORUNDUM METALS Company. Ask to be placed on the mailing list of “More ZR Facts 


the ZIRCONIUM industry's first continuing source of technical information 


The CARBORUNDUM METALS Company 
Akron, Now York Production Pioneer of ZIRCONIUM 


Division of THE CARBORUNDUM COMPANY 
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New Ray Stoppers 


NATIONAL LEAD REPORTS RECENT DEVELOPMENTS IN LEAD SHIELDING 








INGENIOUS NEW FORMS STEP UP 
LEAD BRICK SHIELDING UTILITY 





For years lead brick has been widely used for movable 
shielding. Now, this low-cost, highly efficient material 


has even greater versatility. 


Specially shaped bricks form 
circular walls without mortar 


New, specially shaped National Lead 
brick lay without mortar in tight 
circular arcs. Inner surfaces may be 
contoured to the are or its chord. 
Brick ends are developed on the are 
radius (See diagram). 


Firat “nervice” atation for submarine reactors, . . 
made with curved National Lead brick 
Normally, as in the transition shield 
for submarine the 
brick is specially designed for special 
applications. It also finds use, how 
ever, to provide protection from wide 
angle sources. 


New 400% harder brick resists 
dents, nicks 
Damage from ordinary wear and tear 
is greatly reduced by a new National 
Lead brick, ‘‘Hi-Hard’’. ‘‘Hi-Hard’’ 
is some 400°), harder (19 Brinell) than 
ordinary lead brick, resists the nicks, 


reactors shown, 














Hi-Hard Standard 


dents, and mashed corners that force 
premature scrapping of ‘‘soft’’ brick. 
The hardness is gained at slight ex- 
pense in density (only 1.8%). 


Extrusion insures uniform density, 
aids cross-section predictability 


No Internal holes, no surface “ pockets” in National 
Lead extruded brick. 

Adequacy of shielding depends on a 
predictable, uniform 
density of shieldant 
as well as a predictable 1.Or—1~ 
low impurity content. 
National Lead is pro- 
ducing extruded brick 
that provides both. 


~ 
iad 


Extrusion prevents 


rr) 


cavity formation with- 
brick. It 
eliminates preferential 


in the also 


solidification and sur- 


face “pockets” in which 


MASS ABSORPTION COEFFICIENT -cm*/gram 


eRe SeRoes 


impurities might 
lodge. Extrusionassures 


uniform maximum den- 


° 
iv] 


sity; smooth, clean sur- 





face and profile; easier 





decontamination. 





ai LEAD\ (URANIUM | 
7 } eed 


Exposure radiation cell 





Heavy water filter 


Isotope shipping container 


Lead-filled steel jackets 
shield these new devices. 


NEW VOID-FREE CASTING BOOSTS 
USE OF LEAD-FILLED JACKETS 


Recent National Lead improvements 
in lead casting methods are leading to 
much wider use of lead-filled steel 
jackets for shielding containers and 
process vessels. With integrated jack- 
ets these devices are more compact, 
easier and less costly to decontami- 
nate. The new process assures a void- 
free, uniform density filling. 


e — ORNS. agen 
EFFECTIVENESS OF VARIOUS SHIELDING MATERIALS 
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PHOTON ABSORPTION 


At tidal 
+ 4+ + + + 


+ t T | 
}+11) AS A FUNCTION OF ENERGY 
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NATIONAL LEAD SHIELDING, nationat Leap comPANY, cenerat omcea: 111 Broadway, NewYork 6 
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ALCO designed-and-built components for APPR-1 include pressurizer (in shop above 
and installed at right). ALCO built plant on prime contract from Army and AEC 


NUCLEAR COMPONENTS: 
ALCO HAS THE EXPERIENCE 


From Manhattan Project to APPR-1, ALCO nuclear com- 
ponents have led in design and operating efficiency 


lear components from ALCO are backed by experience that began 
Manhattan Project and continued through EBR, S1W, S2W, 
S4G, PWR, SRE and APPR. For these reactors, ALCO built 
ed heat-exchanger equipment, pressure vessels, specialized 
res and other items. ALCO has also been a major supplier to AEC 


ction installations. 


ALCO NUCLEAR COMPONENTS 


reactors core removal and handling equipment 

reactor vessels regenerative and non-regenerative 

control-rod drive mechanisms exchangers 

pressurizers liquid metal exchangers ALCO PRODUCTS, INC. 
steam generators decay exchangers NEW YORK 

core support structures special heat-transfer equipment Sales Offices in Principal Cities 


Research facilities, complete welding, heat transfer and mechanical 
labs, and the first privately owned criticality facility in industry, help Locomotives « Diesel Engines 
ALCO continue to offer the most advanced component designs Nuclear Reactors * Heat Exchangers 


Consult ALCO for nuclear components of any type. Contact the nearest Springs * Steel Pipe + Forgings 


ALCO sales office or write Thermal Products, Dept. NC-2, P. O. Box 
1065, Schenectady 1, N. Y. 


Weldments + Oil-Field Equipment 














y»Valom’ Aah auele) arg 


All your eggs in one basket? ... And why not? 

[It means economy and efficiency for Nuclear Systems’ customers. 
We can provide a complete radiation package . . . 
Sources, equipment, instrumentation, training... . 

And facility design. 
Applications as diverse as the irradiation of foods, 
Polymerization of synthetic resins 
And the synthesis of chemicals. 


Interested ? 


YY ae" “he og ©6969, 
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another example of exciting work at los alamos... 


FAST PHOTOGRAP 


[5.000.000 


PICTURES/SECOND™ 


Here at Los Alamos, the development of high 
speed photography has produced framin 
cameras of unprecedented framing rates oat 
exposure times. These cameras are capable of 
taking as many as 90 frames at rates as high 
as 15 million trames a second. They employ 
the technique of sweeping the image, reflected 
from a rapidly rotating mirror, over a set of 
correcting lenses onto the recording film. 
This results in the effective stopping of image 
motion within the frame. In addition to the 
creation of new optical components, the con- 
struction of these cameras o involved the 
development of techniques for rotating mir- 
rors of substantial size at speeds as high as 
22,000 revolutions per second. 





Used in a wide variety of research programs 
as well as in the Laboratory's weapon investi- 
gations, instruments such as these typify the 
excellent resources, in facilities and in the 
capability for creating wholly new experi- 
mental methods, enjoyed by the scientists of 
Los Alamos. 


For an illustrated brochure about Los Alamos 
write to: 

Director of Personnel 

Division 1808 


The enlarged frame above shows the col- 
lision of a steel ball and an aluminum 
plate at an approximate velocity of 4 
millimeters/microsecond, illustrative of 
studies of interaction of metals at high 
impact velocity. The cutaway drawing 


shows some of the features of one of the 
0 S $ 7 7 0 S Laboratory's high speed framing cameras. 
of 


scientific laboratory 


THE UNIVERSITY OF CALIFORNIA 
LOS ALAMOS, NEW MEXICO 
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@ Carpenter's role in harnessing the atom, 
first for wartime use and later for national 
defense and peacetime uses, began dur- 
ing World War II. For nearly 15 years, 
Carpenter has cooperated with the AEC 
and prime contractors on many of the 
nation’s top nuclear energy projects, sup- 
plying millions of feet of stainless and high 


alloy tubing and pipe for these installations. 


Carpenter's leading role in the nuclear 
energy field is shown by the following 
applications: Carpenter supplied stainless 
tubing and pipe for Hanford Works’ first 


production facility; the first finned tubing 


You get millions of feet of nuclear 
with /arpenter Stainless and High 


used by the AEC at Hanford Works; 100 
miles of tubing supplied for the Dana 
Project; square-shaped tubing to Argonne 
National Laboratory for a boiling water 


reactor; and many more 


Significant Carpenter developments inc lude 
the first successful use of welding tO pro- 
duce stainless and special alloy tubing and 
pipe... the origination of Schedule 5 
pipe... super corrosion-resistant Stainless 
No. 20Cb 


long lengths of Alloys B and ¢ and 


. titanium tubing and pipe 


stress corrosion-resistant 7Mo Stainless 


Tubing and Pipe 


More than 30 analyses of tubing and pipe can be 
and have been supplied for nuclear energy plants 


SUPER STAINLESS AND HIGH ALLOY GRADES 


Carpenter experience in producing millions of 
feet of tubing and pipe for nuclear energy 
requirements embraces these standard stain 
less analyses and specialty high alloys 

304 310 371 348 

304| 316 318 430 

309 3161 321 442 

3095 37 347 443 


3095-Cb 19-9DX 


lircalloy II 


19-9D1 


Hastelloys Invar 36 


Titanium (-55 or C-70 Alloy 8 Invar ‘42 
Stainless No. 20Cb Alloy ( HiMu ‘80 


Carpenter 7Mo (329) Alloy X 430 Ti 


Alloy F N-155 
25 (t-605 


Wide range of sizes, gauges, lengths, forms and 


finishes for nuclear requirements 


Tubing and pipe sizes available from Carpenter 
are as follows: Tubing from 4" to 444" O.D. with 
35 BWG (.005") t0 9 BWG (.154”) walls. Pipe of 


Schedules 5 and 10 in sizes of ¥g" to 4” and 


Schedule 40 up to 2” IPS. Finishes range from 
as-welded to high polished. Regular lengths to 
iS ft. with longer lengths when specified. Many 


shape s other than round can be supplied to order 





experience 
Alloy Tubing and Pipe 


Carpenter Stainless Tubing is being used in many heat 
exchangers such as this one for nuclear energy applications, 
Carpenter quality and ability to meet extremely close 
dimensional tolerances make Carpenter Tubing ideal for 


use in heat exchangers 


Carpenter has supplied square-shaped tubing for the boil- 
ing water reactor in the first nuclear power plant built 
specifically for electric power generation in the U.S., the 
000-kw experimental plant now in service at Argonne Photograph courtesy of General Dynamics Corporation 
National Laboratory. Illustrated is a front view of the 


Reprocessing nuclear fuel on the Submarine Intermediate 
Experimental Boiling Water Reactor. Carpenter also sup- 


Reactor for the “‘Seawolf” calls for the use of super cor- 
plied the tubing for the primary heat exchanger for a 


rosion-resistant Carpenter Stainless No. 20Cb in tubing, 
milar commercial-size plant under construction for a 


sheet and plate forms. 
large Mid-West utility. 


If you are concerned with the design, 
construction or application of nuclear 
power equipment requiring tubing and 
pipe, draw on the broad and extensive 
atomic experience of Carpenter's tech- 
nical staff and production facilities. Plan 
to see Our representative soon and send 
for Bulletin 





The Carpenter Steel Company 
Alloy Tube Division, Union, N. J. 


Export Dept. The Carpenter Steel Co., Port Washington, N.Y CARSTITLOCO 


MEMBER 


Extremely close dimensional tolerances and polish require- 
nents were met by Carpenter in nearly 500 feet of stainless 
ibing installed in an AEC nuclear power aircraft test 
facility. Compressed air forces radioactive particles through * 7 
the tubing, which passes through a 32), ft. thick concrete Stainless Tubing 
wall shielding the reactor. Temperature inside the tubing 


during operation ranges between 1600° F and 2000° I 











Sodium-Potassium 


Intermediate 
Heat 
Exchanger 


Reactor 














What makes LIQUID SODIUM 


a first-rate Reactor Coolant? 


At least 6 nuclear power plants now com- dled without corrosion in iron and steel 
pleted, planned, or under construction will equipment. 

use sodium metal in liquid form to transfer U.S.1. supplies more sodium to outside 
heat from reactor to steam generation cir- industry than any other producer of the 
cuit. Why have the designers of these sys- metal. For complete information on sodium 
tems selected sodium for the job? and its handling, send for the free 40-page 
Because sodium is a liquid from 207° to 1621° F., booklet ‘HANDLING METALLIC SODIUM 
a sodium-cooled system can operate at high ON A PLANT SCALE”. 

temperatures without expensive pressuriza- 
tion. In this way it can yield steam cycle 





efficiencies equivalent to those of conven- 
ti , SOME REACTORS WHICH WILL USE SODIUM: 
ional power plants 
Liquid sodium enn he pumped end dresiated (1) California—sodium-graphite reactor, 7,500 kw 
as easily a water. Further. because liquid Nebraska—sodium-graphite reactor, 75,000 kw 
sodium ha good electrical conductiv ity, it idahe—fast breeder reactor, 15,000 kw 


can be circulated with an electromagnetic Michigan—fast breeder reactor, 100,000 kw 


pump containing no moving parts With the Alaska (Anchorage)—sodium-deuterium reac 
, a . ’ . tor, 10,000 kw 

low melting point of 207° F., it won’t solidify 
in the heat exc hanger system if the reactor Seawolf—sodium-beryllium reactor 
is slowed down New York—sodium-beryllium reactor 
Sodium has high heat conductivity, as well as 


good radiation stability and high tempera- 











ture stability. In the absence of oxygen, 
water, and other impurities, it can be han- 


USTRIAL CHEMICALS CO. 


Division of National Distillers and Chemical Corporation 


99 Park Avenue, New York 16, N. Y. 
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nmnuciear instruments 


... miniaturized 
.... transistorized 
.».s. immediate delivery from stock 


To meet the ever increasing demand for quality 
instruments of proven design, Daystrom Nuclear has 
consolidated its engineering and production 
capabilities .. . Daystrom’s scientific and engineering 
“know-how” in nuclear instrumentation is being 
utilized to produce an improved line of instrumentation 
at the expanded facilities in West Caldwell, New 
Jersey ... Skilled technicians, using efficient 
production techniques, are meeting the challenge of 
the nuclear industry to provide miniaturized and newly 
packaged instruments of high reliability and 

advanced design . 


LOG COUNT RATE METER 
WITH PERIOD 
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| Daystrom can meet your requirements 
from stock, or design to your specifications, 
a single component or a complete system 
DAYSBROM NUCLEAR quichy and at competitive prices 
Write today for Engineers’ Reference File 
Division of Daystrom, Inc. Folder containing technical information 
\ for reactor control instruments 
WEST CALOWELL. N. J 
& 
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The MAP-I Monitor for Airborne Partic- 
ulate Radioactivity is flexible in design so 
it can be installed in a permanent station 
or made mobile. The filter paper move- 
ment can be continuous or step. Scintilla- 
ultra-flexible system a or Geiger-Mueller detectors, linear or 

og ratemeters are used to meet the re- 
quirements of any particular problem. It 
combines in one complete system the five 


primary requisites for population and 
radioactive airborne personnel protection and legal evidence: 


1. Efficient Sampling The sampler in 
the MAP-1I system draws a continuous 
air sample through a moving filter 
paper by means of a vacuum pump 
at rates up to 10 cfm. The filter paper 


Zz Z. - 
traps 98% of all particles 0.3 microns 
and larger. 
] AC / ] d . Sensitive Detection The detectors in 


continuously monitors 


particulates 





the MAP-I system count alpha radia- 
tion in concentrations as low as 10°!" 


pe/cc; beta gamma radiation as low as 
10°" ,e/ec. A Geiger-Mueller counter 


monitors beta and gamma radiations 
directly on the filter paper. Alpha 
Boe | particles deposited on the filter paper 
are continuously detected by a scintil- 
lation counter. Output of these detec- 


tors is fed to ratemeters and recorders, 
which may be located in a remote 
control room or mobile cart. 
Automatic Operation The MAP-! 
system can be operated unattended 
for periods up to one week 
Functional Alarms The system’s key 
functions are monitored by visible and 
audible alarms which signal filter 
paper tear, low flow on air intake, and 
excessive radiation level. 
Operational Checks Sources are pro- 
vided to check the response of the 
radiation detector system. 

Write for Bulletin RMS-100 for more 

detailed technical information on the 


Tracerlab MAP-I Continuous Monitor Sys- 
tem for Airborne Particulates. 


Tracerlab 


01 Trapelo Road, Waltham 54, Mass 
2030 Wright Avenue, Richmond 3, California 





Offices in principal cities throughout the world 
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TAILORS OF STE 
“ iL EL” 
a 


CAMERA ..... ACTION! 


’ stainless clad steel upper course of this Boiling Water 


The 3%’ 
Reactor is completely covered with X-Ray film. The Gamma Ray 
unit in the center is ready to prove perfection of steel and weld . . 

or spot trouble at this stage. This Gamma Ray operation is one 
essential test, following a Paceco inspection calendar in excess 
of ASME Code requirements. All plate for the entire reactor shell 
and heads is completely X-rayed. All welds are fully penetrated 
Root passes of all nozzle welds are Magna-Fluxed. And the 17” 


thick x 9’ diameter flanges are ultrasonically tested 
Basic size of this 60 ton reactor vessel was determined by the cus- 
tomer — General Electric Co. Entire design and engineering was 


upplied by Paceco 








Here are 4 Paceco gained-through-experience 
skills you may be seeking for design and tab 
rication of your nuclear equipment 


Skill in welding and heat treating of steel 
and alloys, both light and heavy gauge 
Skill in fabricating of corrosion-resistant 
metals and alloys 
Skill in producing heavy equipment to ex 
tremely precise mechanical tolerances 
Skill in designing and building equipment 
to resist extreme pressures and intense 
temperatures 
Some units we have built direct from buyer's 
plans. In other instances, however, Paceco 
engineers work with the buyer ar the design- 
ing stage. Experience has proved this consul- 
tation may sharply lower initial cost, improve 
operational efficiency and reduce mainte- 
nance. We invite consultation on your re 
quirements 


PACIFIC COAST 
ENGINEERING COMPANY 


ENGINEERS « MACHINISTS « FABRICATORS 
Alameda, California, |Akehurst 2.6'00 

PACIFIC COAST ENGINEERING CO ne 

New York 17, 5! East 42nd Street, OFford 7.1475 

REPRESENTATIVE 
Pasadena 6, Calif., 774 —. Green S 
Kansas City 12, Me., 4706 Holly 
Houston 2, Texas, 14!9 Robinh« 





On this subject: 
EXCHANGERS FOR NUCLEAR SYSTEMS 


Ross speaks with experience 


The initiative which Ross has taken in virtually every field of heat exchanger development 


applies to the nuclear energy field, as well. Ross engineers were early at work. 


Starting with exchangers designed and fabricated for the Manhattan Project, and 
carrying on down right through to today, Ross has been steadily building its reputation in 


nucleonics’ circles 


The readiness of Ross to perform engineering development; the possession of the 
necessary skills to work with specialized materials; the ability accumulated through experience 
to meet stringent specifications .. . these and others are points which Ross engineers would 


be pleased to discuss with you. Yes, Ross can speak with experience, Your inquiries are invited. 


Ross Heat Exchanger Division of American-Standard, Buffalo 5, N. Y. 


In Canada: American-Standard Products (Canada) Limited, Toronto 5, Ont. 
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PUNIPS... 


Bu Liquid Sodium Pump 


WORLD’S LARGEST LIQUID SODIUM PUMP 
FEATURES MANY DESIGN “FIRSTS” 


This new Byron Jackson pump will be used as a primary cooling pump for 
one of the nation’s first full-scale commercial power plants using nuclear fuel 

The pump is approximately 32 feet high with a 6 foot diameter. Rated at 
1000 hp, it will pump liquid sodium at a temperature of 1000° F, and deliver 
11,800 gpm against a total dynamic head of 310 feet 

Of special interest are Byron Jackson's engineering accomplishments in 
designing the pump and installation for “packaged” removal. Basically the 
pump is divided into two sections —(a) suction tank incorporating suction and 
discharge nozzles which will be permanently welded into the system, and (b) the 
complete motor and pump assembly which can be pulled as a unit for routine 
maintenance and inspection with maximum ease, speed and safety. The 
‘packaged” design even provides for shielding (normally separate from the 
pump assembly) to be integrated within the pump motor support assembly 

This record-making liquid sodium pump with its special design features 
marks another step in Byron Jackson's continuing leadership in the liquid 


metal pumping field 


BYRON JACKSON PUMPS 


Se erertavt & 


A SUBSIDIARY OF BORG-WARNER CORPORATION 


P.O. Box 2017A, Terminal Annex «+ Los Angeles 54, California 





Evaluation Study Displays How 


NUCLEONICS PENETRATES ALL LEVELS 
..-.-Basic Research, Design Engineering, Management 


To be important to important industry 
people a magazine must know their 
specialized activities and work prob- 
lems 
As part of NUCLEONICS’ continuing ef- 
fort to maintain this contact, detailed 
questionnaires were recently mailed to 
every fifth subscriber to the magazine 
the readers responded with an im- 
pressive 25% return 
Note the diversification of coverage in- 
dicated by their answers to the ques- 
tion 
“What Classification Most Closely Fits Your 
Job Function?” 
37% of the respondents said 
Engineering 
15% said, “Scientific 
23% said, “Management.” 
More specific job areas are revealed by 
a further breakdown of the two largest 
categories mentioned 
“Engineering” 
19% of the above respondents said, 
Nuclear Engineering.” 
13% said, “Mechanical Engineering.” 
12% said, “Electronic Engineering.” 
11% said, “Electrical Engineering.” 


10% said, “Chemical Engineering.” 


“Scientific” 
26% of the above respondents said 
they were “Physicists.” 
11% said, “Chemists.” 
4% said, “Biologists.” 
3% said, “Metallurgists.” 

Findings do not equal 100% because 
only highlights of the question are given 
In the nuclear market, your advertis- 
ing MUST reach into each of these 
varied levels to exert buying influence. 
And the study establishes NUCLEONICS 
ability to do this no matter how 
diversified their job or background, key 
industry men are grouped together by 
a common tie: a reliance On NUCLE- 
ONICS for decision-making information. 


Concentrate your efforts in the one pub- 
lication that best serves their specialized 
needs: NUCLEONICS. Start your cam- 
paign with the August Issue. (Forms 
close: July 8.) 


Review the entire findings of Re- 
port #81 yourself. Send for a copy of 
“The NUCLEONICS Subscriber . . . He 
Fells Us Who He Is.”’ 


NUCLEONICS @@® 


a McGRAwW-HILL PuBLicaTION, 330 West 42nd Street, New York 36, N. Y 


REPORT #81... , * 
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Sylvania-Corning 


Nuclear Corporation 


The world’s first atomic fuel company 


Now that the energy of the atom i 
being successfully harnessed to con 
mercial uses, the world is rapidly 
moving ahead to exploit this huge 
source of power. Several nucleat 
power plants are already producing 
electricity. Many more are being 


built the world over. 


To supply the growing need of 


these atomic power plants for any 
type of nuclear fuel, Sylvania Elec- 
tric Products Inc. and Corning Glas 
Works have formed the jointly 
owned Sylvania-Corning Nuclear 
Corporation. Through specialization 


60 


in the design, fabrication and proc- 
essing of nuclear fuels, the Corpora- 
tion’s aim is to provide complete and 
continuous service to all of the users 
of nuclear fuels. 

Sylvania’s Atomic Energy Divi- 
ion brings to the new corporation 
more than eight years of experience 
in the design and fabrication of 
atomic fuels and fuel recovery 
Corning Glass Works ha: 
pioneered in the development of 


processes 


high-temperature ceramic nuclear 
fuel elements 


The nuclear energy activities of 
both companies have become the 
Sylvania-Corning Nuclear Corpo- 
ration, the only company devoted 
exclusively to the development and 
supply of nuclear fuels. 

For more complete information on 
this new organization, write to the 
address below. The combined scien- 
tific, engineering, and technical staff 
will be glad to help you solve any 
problems you may have in nuclear 
fuel application—whether immedi- 
ate or in the planning stage. 


SYLVANIA-CORNING NUCLEAR CORPORATION, Bayside, N. Y. 
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WHAT’S NEW ON ZIRCONIUM? 


This U.S.1. booklet gives you information 
you can use... Send for a copy! 


Today, with zirconium production trending ties of zirconium compared with other impor 
sharply upward, and price downward, interest tant metals... phase diagrams of twenty binary 
in this new and unique metal is growing rapidly. 


alloy systems ... descriptions of several fabri- 
To answer your questions about zirconium cation techniques. 
and its relative, hafnium, U.S.I. has prepared You're sure to find “ZIR- 
an informative new booklet — “ZIRCONIUM CONIUM and HAFNIUM” 
and HAFNIUM.” The booklet gives the impor- valuable in discussions and 
tant facts on these newly available metals .. . as a preliminary reference. 
lists important mechanical and physical prop- For your copy, forward the 
erties of both... describes briefly the new coupon today ... or just send 
semi-continuous sodium reduction process for vour name on your com- 
production of zirconium and hafnium. pany’s letterhead. 

You'll find the outstanding corrosion proper 


USTRIAL CHEMICALS CO. 


Tithe 
Division of National Distillers and Chemica 


Cors 
99 Park Ave., New York 16, N. Y Company 
Branches in principal cities 


Street 
Please send me a 


copy of “ZIRCONIUM and HAFNIUM” 
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. The appropriate power 
for your expanding program 


Send for our 
descriptive booklet, 
“Pioneering New 
Horizons" of these 
and other services 


mit of 
ooer@ i" Thi 
ee 


Pioneer Service & Engineering Co. 


231 South La Salle Street - 


Chicago, Illinois 
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What— 


Metals Fabrication 


When— 


Since 1916, a manufacturer experienced 
in the handling of new and unusual metals 


WwWho- 


Vietals & Controls Corporation, Leader 
in the field of Nuclear Fuel Element 94 
Production... y 





Mi etals & Controls Corporation, with over 40 years 
of experience in custom type metal fabricating 
»perations, was logically an early entrant into the 
nuclear fuel industry. From rolling gold plate for 
the pre-World War | jewelry industry, to supplying 
industrial metals for jet age aircraft and electronic 
applications, Metals & Controls has grown in 
liversification to meet the nation’s requirements 
for the fabrication of new and unusual metals 


it is in this tradition that the Nuclear Products 
Division of Metals & Controls Corporation maintains 
its position in the nuclear fuel element field 
Modern equipment is constantly being added to 
existing facilities to make better products while 
ontinuing to use basic metallurgical techniques 
Scientific people with an interest in progressive 
metallurgy are needed to carry out programs 
stilizing this modern equipment 


The aggressive pursuit of new and better ways to 
process metals into better and simpler fuel element 
designs is the aim of the rapidly expanding 
production staff at Metals & Controls Corporation 


if you are interested in joining this forward moving 
company, write to our Employment Director for 
the new booklet, ‘‘Your Opportunities at Metals 

& Controls Corporation.’ We will gladly furnish 

you with a copy 


Or, if you are a manufacturer with nuclear fuel 
element needs, your inquiries on fuel elements for 
research or power reactors will be given our closest 
attention. Contact our Manager of Contract 
Administration. He will be pleased to consult with 
you on your requirements 


METALS & CONTROLS |} CORPORATION 


Nuclear Products Division 1306 Forest Street, Attleboro, Mass 





Mallory 1000 Metal 


MALLORY 
1000 
TA 








A +— 44. 
0.1 0.2 04 06 i 


E (Mev) 


Gamma absorption characteristics 


In Canada, made and sold by Johnson Matthey & Mallory, Ltd, 
110 Industry Street, Toronto 15, Ontario 
Serving Industry with These Products: 
Electromechanical — Resistors * Switches * Tuning Devices * Vibrators 
Electrochemical — Capacitors * Mercury and Zinc-Carbon Batteries 


Metallurgical — Contacts * Special Metals * Welding Materials 
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for effective 
Gamma 
radiation shielding 


Mallory 1000 “‘slab”’ for 
radiation shielding avail- 
able in sizes up to 6" 715". 


Mallory 1000 Metal is ideal for radiation 
shielding applications. It has high density, 
good mechanical strength, and excellent 
machinability ...is available in a wide 
variety of shapes and sizes for many ap- 
plications in this field. 


Mallory 1000 Metal is already being used 
in numerous applications such as shield- 
ing isotope shipping containers, cobalt 
teletherapy machines, arid oil well log- 
ging equipment. 


Mallory 1000 Metal effectively absorbs 
Gamma radiation ...low intensity neu- 
tron bombardment causes only moder- 
ate activity. 


If you have radiation shielding problems, 
it may pay you to investigate Mallory 
1000. Write for your copy of Technical 
Bulletin 6-7C. 


Expect more...get more from 





Matton 


R. MALLORY & CO. iInc., INDIANAPOLIS 6, INDIANA 
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When piping changes direction, 
protect process equipment with 


ZALLEA SELF EQUALIZING 
UNIVERSAL EXPANSION JOINTS 


Zallea Self Equalizing Universal Expansion Joints absorb 
any movement in any direction . . . axially, laterally, 
angularly, or any combination of these . . . making them 
ideal for protecting process vessels and rotating equipment 
from thermal expansion of connected piping. 















When there is a leg or 90° offset to a long run of pipe, one 
Zallea Universal Expansion Joint will frequently take care 
of the entire system 













Under conditions of low load requirement for anchors or 







equipment .. . or when compressive loading in pipe walls 
must be kept toa minimum... Zallea Universal Expansion 







Joints are the most economical answer to the problem 
They absorb the internal pressure thrust. The piping system 
need only carry the relatively small deflection loads 







Many types of Zallea Tied Expansion Joints are designed 
especially to absorb lateral deflection or rotation when 
there is pressure in the line. Universal, Modified Universal! 
Hinged, Gimbal, Pressure Balanced and Universal Pressure 
talanced Expansion Joints give you a choice of the type 
best suited to your particular application 











Get the complete story of Zallea Expansion Joints in our new 
72-page manual. Write, on your company letterhead, for 
your copy of Catalog 56. Zallea Brothers, 879 Locust 








Street, Wilmington 99, Delaware. 




















expansion joints 


Zallea Brothers « Wilmington 99, Delaware 
















World's largest manufacturer of expansion joints 





24° dia. Zailea Universal Self Equalizing Expansion Joints in service 
es of the engine test facility of ao West Coast aircraft manufacturer 




















26 million Ibs/hr of H,0 
at 500—600°F will spin 
through this assembly... 


Westinghouse makes sure core mount springs stand up 
in Shippingport reactor...makes them of Inconel “X” 


Superheated high-purity water makes many ordinary for Inconel “X” alle When you want springs that resist 
the alloy to use 


spring materials relax quickly It may cause them to relaxation at high temperatures thi 
fail by stress-corrosion cracking or embrittlement . just as Westinghouse has done in spring mounting 


: : “ ° ‘ — the core of the Shippingport reactor 

L _I An outstanding ex — . ype ™ 
24 + + | ° . 

sore L9 | ception is Inconel] Inconel “X” gives you valuable bonus properties too 

x ee re rasay In addition to excellent spring properties at high tem- 
a“ kel~ hromium - peratures, Inconel “X”’ alloy offers you (1) excellent cor- 
loy. Springs of this al rosion resistance (2) outstanding hardness and wear 
loy resist both corro resistance (3) high fatigue strength (4) high tensile 

on and heat up to strength (5) low thermal expansion (6) resistance to 





1100°F in certain ap tress-corrosion cracking 

plication These are just the properties that are so often needed 
in high-pressure, high-temperature nuclear equipment 
You may know Inconel “X” and other Inco high-tem 


perature alloys very well indeed. But if you don’t, Inco’ 


Here are some re 
laxation curves, for 
example, which show 
what stresses Inconel 
*X” alloy is capable of 
handling at various 
temperature levels The International Nickel Company, Inc. 

The curves speak 67 Wall Street New York 5, N. Y 


79-page “Inconel ‘X’” and 35-page Bulletin T-35 
“Inco Nickel Alloy Helical Springs” are two 
helpful booklets W rite for copies K redemart 


Time - Doys 


rN 
Relaxation of Inconel ‘ X'' springs made from No. | temper wire NCO Ni k | Y 
icke Allo Ss 


AG8 mane 


ee 99 
Incone! X . . . for durable spring properties at high temperatures 
66 
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CALDER HALL, first in a chain of British gas-cooled natural-vranium PWR, 60-Mw (electric) pressurized-water reactor at 
power reactors Shippingport, Po. 





World Weighs 
Nuclear Alternatives 










Calder The American pressurized-water reactor and the British Calder Hall 


gas-cooled reactor have become symbols of the friendly rivalry between 
OF these two countries in the field of international atomic power. The 


PWR? British feel that Calder has given them the initial lead in the use of 
nuclear power and expect to retain that advantage for at least a decade 


by further improvements. On the other hand, the Belgian government 







announced purchase of a 1-Mw pressurized-water reactor from a U, 8 






firm, while an Italian concern is purchasing a power reactor virtually 






identical with the pressurized-water reactor being designed for the 
Yankee group at Rowe, Massachusetts 


A technico-economic comparison of these reactor types with empha 






sis on the situations in the U.S. and Great Britain is presented on page 









7) 
la“ 


of this issuc 








Enriched Underlying the choice of a pressurized-water or gas-cooled natural- 


uranium reactor is the broader choice between enriched- and natural 
Of = uranium systems general] This question was considered, with empha 


sis on solid fuel g tems it a round-t ible discussion sponsored by the 


Natural National Industrial Conference Board Some measure of NUCLEONICS 
Uranium? interest in thi ibject is indicated by the fact that the original sugges 


tion for such a discussion originated with us A re port on that debate 







is presented on page 68 






It is important to recognize that these comparisons are limited to cer 





tain reactor types and largely ignore the political considerations that 





can be the real determining factor in some cages Nevertheless, the 





complex technical issues must be faced by reactor designers the world 
I 






over; we hope thi mposium in print will help their deliberations 


’ 
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. These Five Experts Discuss... 


JOHN R 


President, 


MENKE, 
Nuclear 
Development Corp. of 
NDA is 
20-Mw 


vranium 


America 
building oa 
natural 
fueled reactor for 
Alaska's Chugach 
Electric Association 


Vice 
Research 


WwW. B. LEWIS, 
President, 
and 
Atomic Energy of Can 
ada ltd. AECL is 
pursuing several 
heavy-water-natural 


Development, 


uranium designs 


JAMES A. LANE, Di 
rector, Reactor Ex 
perimental Engineer 
ing Division, Oak 
Ridge National Lab 
oratory, moderated 


the discussion 


CHAUNCEY 
Manager, 
International Division, 
North American Avia 
tion Inc., Al's en 
riched-U 


include the 


STARR, 


Atomics 


reactor 
projects 
sodium-graphite and 
organic moderated 


designs 


WILLIAM E. SHOUPP 
Technical Director, 
Atomic Power De 
partment, Westing 
house Electric Corp 
APD is developing 
enriched-U types 


Enriched vs Natural U 


Merits of slightly enriched vs natural-uranium reactors 


as aired at this debate support the view that 


natural fuel can hold its own in the atomic power race 


[HE REACTOR DESIGNS that are being 
onsidered for power production in the 


vorld 


those 


today divide into two groups 
natural 
that 


In both instances, although more 


that use uranium @8 @ 


fuel and those require enriched 
fuel 
radical designs are receiving some at 
tention, the major interest so far has 
been centered on solid-fuel systems 
rhe technical and economic aspects of 
the two rival concepts have been hotly 


National 
meeting 


debated, most recently at a 


Industrial Conference Board 


in Philadelphia. 
The present limited experience with 
power reactors made definitive con- 


strik- 


systems, so 


clusions unattainable but it wa 
ng that enriched-uranium 
favored in the U. S., 


were ho shoo-in 


Conversely, natural-uranium reactors 
looked better 
given credit for 


J. R. Menke 


this feeling 


than they are generally 


(NDA 


u nmed up 
that 
certain engineering advantages, 
both 
can flow from the capability of 


But the 


truly surprising thing, the won- 


“There is no argument 


economic and physical, 


enriching uranium. 
derful coincidence, is that one 
can build such very good reac- 
tors with natural uranium, 
There are even certain param- 
eters which seem to be opti- 
near to natural 


mized very 


. or) 
uranium, 


An outright prediction to 


nriched-uranium reactors will eventu 
ly be significantly superior to natural 
ranium reactors would seem to 


Thus the 


le pend 


string ofl i] 


i long 


fuel costs of enmehed, low-neutron 


can be made to equal 
the fuel costs of the 


economy designs 
natural-uranium 


uf fuel 


element burnup ¢ in be increased by an 


high-neutron-economy types 


order of magnitude over present-day 


figures. Assuming this is accom 
plished, then 


an advantage ¢f their capital in 


enriched reactors will 
have 
vestment costs can be made smaller 
However, the investment in the reactor 
itself accounts for only a fraction of 
such costs. Thus large over-all power- 
cost reductions can be had only if cuts 
in investments for conventional com 
pon nts can also be made Increa ing 
thermal efficiency could be one way to 
do this if the necessary high-pressure 
water or liquid-metal system turns out 
to be not too expensive and if natural 
fuel reactors do not also take advantags 
of this approach to the same extent 
For the working of these miracles thi 
is relying mostly on 


technical 


enriched reactor 


the greater possibility for 
ifforded by its more flexi 
It is 


forecasts 


ce velopment 
ble design requirements ilways 


dangerou to make ibout 


what design ingenuity will not be abl 


to do Howse 


sigh conc pts 


ver, it appears that of the 


conceived 80 Inr none 


' 
makes an economic advantage for the 


enriched-uranium reactor a foregon 


onclusion 


Bases of Comparison 


James Lane, chairman of the NICB 
on, pinpointed the issue by obset 
it there are really two separate 
s to consider in discussing the 
uivantage lightly enr ned 

itural fuel 
eactor system 


ment that 





total This opti- 
mum enrichment represents a balance 
the 


mes with increased U™ 


west power costs. 


between increased burnup that 

enrichment 
and the higher price paid for the more 
In this fash- 


on, the optimum enrichment and the 


highly enriched uranium 
penalty for deviating from it should be 
tablished for each proposed design. 
Second, the reactor types that can be 
1eled with natural uranium must be 
ompared with the types that require 
enriched fuels. 
isually call for only slightly enriched 


(Actually the designs 


fuels having up to 4% U*** concentra- 


Thus we concerned with 


the pros and cons of D,O-moderated or 


tion are 
gas-cooled graphite reactors versus the 


relatively numerous enriched reactor 


types—pressurized light-water, so- 
dium-graphite, boiling water, ete 

Note that the user of natural uranium 

limited to a few reactor types From 
these possibilities he must select a de- 
sign that can compete economically 
vith the reactor types that use enriched 
fuel. In addition he has to consider 
the possibility that his chosen design, 
ilthough it can burn natural fuel, might 


tself do much better on enriched fuel. 


Enriched vs Natural U 


With 
W. I 


presented calculations of fuel costs as a 


regard to the second question 
Shoupp (Westinghouse, APD) 


function of enrichment for an Al-D,0-l 
tem This system is typical of the 
nd of reactor that can burn natural 
i.e. a high-neutron-economy type 

n which burnup is probably limited by 
activity 
Shoupp’s results are given in Fig. 1 


loss 


explained his calculations as fol 

The items that enter into fueling 
the fuel ele 
credit 

Th 
fabrication costs will include the clad 
UF, to UO. conver 


on and its variation with enrichment 


osts are fabrication of 


ments, value of new uranium 


for old uranium, and DO charge. 
ding material, the 


ind pelletization of the fuel as well as 
the actual labor and overhead costs for 
The costs for fuel are all 
Interest is 


labrication 

ised on uranium as UF,. 
1%, 
issumed to be in operation while 


harged on the fuel at One core 


nother is in fabrication and reserve 
When enrichment fuel is used, an $8/Ib 
t'} a8) 
orporated over that required in the 
itural-uranium case, The D/O value 
taken at $28/lb and 2 lb of D.O are 


conversion differential is in- 


issumed to be required for each kilo- 
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watt of net electric output. A 14% 
interest charge on the money required 
to buy the D,.O is assumed.” 

Figure 1 shows that for this reactor 
the use of natural uranium actually re- 
saving in fuel costs 


sults in a slight 


over enriched fuel. For our purposes 
the essential point is that for this re- 
the fuel 
natural and enriched fuels appear to be 
negligible (0.2-0.3 mill/kwh) 

This seems to be generally true for 


actor differences in cost tor 


all natural-uranium-burning reactors 

in such high-neutron-economy systems 
the cost advantage of higher burnup 
and the cost disadvantage of more ex- 


pensive fuel roughly cancel, 


Comparing Reactor Types 


It is much more difficult to make cost 
comparisons for different reactor types 
than for one reactor type as a function 
ofenrichment. Such comparisons must 
refer to the total power costs, including 
capital investment and operating costs 
costs. Of these, the 
major contributions are fuel and capital 
We 
these two factors in turn in spite of the 
fact that there is little concrete cost 
experience to draw upon 

Fuel costs. 
Chauncey Starr 
tional) lists these points for and against 


as well as fuel 


investment will now examine 


costs 


Concerning fuel 


(Atomics Interna- 


the enriched reactor 


Advantages 
(kg of U) 
than 


@ Smaller fuel inventory 
fuel 
uranium if reactivity is limiting 
® Possibility of fuel 


when radiation damage is the limiting 


© Longer burnup natural 


longer burnup 
factor because of the greater choice of 
fuel alloys 


Disadvantages 

@ The fuel is more expensive per gram 
and thus more costly to procure and 
handle 

@ Spent fuel cannot be discarded with- 
out serious economic penality. 

In discussing these points Starr had 
this to say 
“With 
charges whether or not a lower quan- 
tity 
leads to lower total costs can only be 
The 
quantity and value of fuel held up out 
side the 


procesFing 


regard to fuel inventory 


of more costly fuel in the reactor 


determined for individual cases 


reactor in fabrication and re 


can be a more important 


quantity in inventory costs. For reac 


tors using expensive fuel it is essential 


that the holdup outside the core be as 
small as possible. This requires rapid 
processing and reduction of shipping 
time.” 

With respect to reprocessing costs 
Starr had this to say 


“Suggestions are sometimes 
made to discard spent fuel ele- 
after 


order to 


ments irradiation in a 


reactor in avoid the 


costs of a reprocessing step. 


For enriched fuel, discarding 
spent elements is unthinkable, 


since the remaining U*" is far 
too The 


tion is, “Can any fuels be dis- 


valuable. real ques- 


carded after irradiation?’, I 
think not.”’ 


Starr examined the short-range * eco 
nomic effect of throwing away spent 
natural-U fuel 
for a natural-uranium gas-cooled reac 


versus reprocessing it 


tor. This system should certainly be 
conducive to the throwaway scheme 1! 
any 18. 

Figure 2 shows the cost per year of 
throwing away the fuel or reprocessing 
The curves show that at any reprocess- 
ing cost under $30/kg it is desirable to 
reprocess rather than throw away 
Indications are that reprocessing costs 
are actually less than this-—-about 
$20/kg. 

Figure 3 shows similar curves, but 
with plutonium buy-back price as th 
parameter and reprocessing costs as 


the $20/kg). If pluto 
nium is worth only $6/gm, it would not 


constant (at 


be worth recovering at this reprocessing 
cost. 

Thus, any combination of low pluto 
nium value and high reprocessing cost 
favors discarding the spent fuel; higher 
plutonium value and low reprocessing 
cost favors reprocessing Present fig 
ures of $12/gm Pu and $20 to reproces 
1 kg U definitely favor reprocessing 

The curves for the throwaway cost 
in Fig. 2 and 3 do not include any ship 
ping or storage charges. Since an 
realistic appraisal of the situation indi 
cates that such costs are not negligibl 


it is apparent that even higher repro« 


* The emphasis on short range is nece 
to have 
that 


uneconomu 
a long-range atomic energs 
would throw fuel after 
only about 1% of ite fi 


sary since it is clearly 
economy 
away consuming 
“onable content 


In addition, it does not seem good busing 


sense to place into permanent storage 
much valuable material and mine its equiva 


(Bee W. H. Zint Atomic Industria 


Forum Report, July 1954, 3 


lent 


69 





essing charges could be tol 
indicated in the figures 

As the quantity of reactor fuel han 
dled grows, reprocessing cost houl 


decrenas So again we lean awa 


Phu 


tor 


iret 
the throwawa' approact 


likely that 


enriched 


find it very 
natural or 


re procs edd 


spent fuel 


S10n minimizes one of the 

ings of the enriched reactor 
effects. VW | 
APD) pro 


tion of te 


Burnup 


“Hout 


Westinghouse, ded intor 


mation on the que 


influence longer burnup ha 


coste Using the issumMptior 


previously in his Al-D.O 
nium example, he derived 


less-H.0-1 


function ol 


reactor the tota 


is fi enrich 

that the burnup achies 

is limited by tl 
Thi 


resentive of the 


richment 


available vstem should be 


kind of reactor tl 
quires slightly enriched fu 
sults of the caleulation are also 
Unlike the n 


this reactor t 


Fig. | itural-uraniu 
fueled reactor 
substantial reduction 
thanks to the greater 
possible by enrichment 
burnup needed to make 
competitive with uner 
quite high by today f 

With 


ition Shoupp pointed 


re pect to the 


burnupes the costs for the 
H.O reactor can 
In fauet 
ing costs can actually be 
the « 
tor In this case Vi 


ilso be 


for very long bur 


ase of high neutron 


by reactivity but we 


radiation damage and corr 


know 


.» “No one will really 
the 


cores have actually been run to 


limitations until 


such burnup levels. It is not 
possible to justify this point by 
tests on a few fuel rods or fuel 


- 
clements, 


At the 


conclude 


moment, ho 
that with 

proved solid fuel elem 
of 3-4 mills 
future for both Al 
steel-H.O reactor type 


kwh are re 


lL). 


Investment Cost 


It was generally agres 


vestment re quired to bu 
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t 


irge part of the investment in a rea feeling that 
or power plant is in the heat-« 


nd turbowenerator system 


oton the re 


ot clear that the 


erature 


ilready represents only a 


b> 


we 


~ New U cost 


_ Interest on U 


Burnup( 10* Mwd /ton) or Fuet Cost { mill / kwh) 


_-Oid Ucredit - 
0,0 charges ' - Fobricotion cost 


v 
baat rs Vheabaall i i 
one | me: 7s 4 5 
Enrichment (wt % U*™) 








FIG. 1. Total fuel costs as function of fuel enrichment for two different reactor 
types. Al-D,O reactor is typical of high-neutron-economy type capable of 
burning natural uranium. Stainless-steel-H»O reactor is typical of low-neutron- 
economy type requiring enriched fuel. Reactor power is 125 Mw in each case 
Burnup is assumed to be limited only by reactivity loss 


inflexible, the 


that the enriched reactor can hope to 


than hich fairl economi 


ctor of the 
that the effect 


tor would be somewhat i 


va natural-uranium re 


ime powe! The reasons are through reducing investment 


ctor itself can be smaller an rather slim 


like DO 


bexpen 0 ire 


e materials mad graphite 


in be avoided Development Potential 


However Stari pointed out that a 


Both Starr and Shoupp expressed thi 


ilter all iid and done 


traction of the enriches 


that it 


rreatest advantage 


ind in reacto! allows more 


approach is 
ixillary apparatus rather tl 


tor, Thi 


py na 


in in the 


for technical developments that 


part of the investment an re estment cost 


To the reactolr 


duce fuel and in 


only on the total power and 


Starr had this to sa 
qué nti ly mer the 


there 


wtort pt ( 


Ors 


selection of natural ura 


ipital investment cost and 


i fuel severe limits h re 


re the total power cost are not usual! moderator 


The 


reactivit of the nat 


choise i to 


ensitive to difference n the cost 


int cladding and structure 
reactor itsell for the erent low 


building thi 

jus reactor concept 
Chere could be 
vo reactor types have different on eticall 


eft Menke ’ \ ‘ ‘ | 


moderator 


iranium tem allows litth 


an exception to thi lor unproductive lo 


the ft there ire on 


ermal LChCICS aeuteriul 


uch a situation the rea 


onl i it 
th the higher potential thermal eff oles f y-] cladding and str 


in by acrineing 


magne 
ency reduce the size 
tment cost of its 


tem. Enriched reactor “That the designer of an en- 


tter position to utilize thi riched-fuel reactor is not 


high thermal efficien limited is obvious from the de- 
designed for 


Hows 


cost ot the 


more easil) scriptions of reactors included 
ratur formal val’ . e. ene 
Wwure pes ws in the AEC’s five-year civilian 


power reactor program, and 


required for | 
high 


vatems) wi 


feature : 
' the power demonstration pro- 
operation 


metal Only a few of the re- 


a grams. 
selena on cent proposals contemplate us- 


Apparently 


Ings 


sinee the reactor ing natural uranium, while the 


majority use enriched fuel. 


rhe 


modest 


number of enriched 
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n of the total investment, th very 








Estimated Power Costs for Natural-Uranium Reactor* 


Rating or quantily 


transtormers 


200,000 kw 


HINIArICS 


SOO Mw 


5 2 x 


110 ton 


$40/ke 
$30 /ke 


25 8 ton/vr 


9,000 Mwd 


B. Lewis for D.O-Zr-UO 


( apilal Operating 
cost 


mill ku h 


investment 


S$/0)*) 


thermal 


1 ib @ S28 1b 


(a 





reactors planned by well-quali- 
fied, independent groups is per- 
haps the best indication of the 
usefulness of enrichment, and 
the confidence of reactor de- 
that 


available for a long time.”’ 


signers such fuel will be 


ven more emphatic 


Shoupp 


p was « 
levelopmental advantages favor 
tainless-steel—-H.O—enriched-ura- 
ise and I believe the possibility 
costs 18 greater from @ 


this 


rile ing low 


i standpoint lor reactor 


Phe at 


| roble mes will probably be Sin 


velopmental and oper 
easier to overcome tor enri hed 
ind, on the general concept of 
the 


ise of natural uranium would 


nonenriched reactors 


iny promising types suc h as 


eregion homoge neous re 


Yeorty Fue! Cost ($'0*) 





4000 
Burnup (Mwd / ton) 


2,000 


FIG. 2 


reactor 


Fuel costs for a large power 
assuming reprocessing (solid 
lines) and no reprocessing (dotted line) 
Pu produced is credited with a buy-back 
value of $12/gm 
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Inst breeders and 


core 


lad 
cla 


actors seed 


stainless-stee! multiregion 
reactors 


The 


unenriched 


Natural-uranium's rebuttal. 
the 


reactors was that the estimated power 


essence ofl rebuttal for 
costs for the natural-uranium designs 
now being considered look hard to beat 
the enriched 


It may be a struggle for 


reactors just to match these rates much 
less surpass them 
Atom 
Ltd.) presented cost figures for an SOO 
Mw (thermal D00-Zr-UO>, 
based on Chalk River experience, Us 
ing prices quoted b AKC for 
fuel DO, he total 


Lewis nergy of Canada 


design 


the ee) 
and calculated a 
itor operating in 


A breakdown 


ibov oe 


power cost for a re 
Canada of 5 mills kwh 

of this cost is in the table 
that 


Lewis's ke issumption wae 


the natural-uranium fuel elements can 


5 


° 
e 


Yeor'y Fue! Cost ($10*) 


$12 /gm- 


° 
8 





° Roth ee 
1900 2,900 4900 600 
Burnup (Mwd / ton) 


FIG. 3. Fuel costs for a large power 
reactor assuming reprocessing (solid 
lines) and no reprocessing (dotted line). 
$20/kg has been charged for fuel 
reprocessing 


be irradiated to 9.000 \lwd/ ton he 


activity is maintained by irradiating 


the 
the fresh elements compensate for the 


fuel in a continuous fashion so that 


reactivity loss in spent elements 
Menke also gave the power cost esti 
mates for a 200-Mw 
the sodium-deuterium reactor that | 
being designed by NDA for the Chu 
gach Electric Association in Alaska 
Menke expressed these views concern 
ing the design: ‘In this 200-Mw high 


water-moderated 


electric) version of 


temperature, heavy 
natural-uranium plant we believe that 
the reactor, turbogenerator and build 
ings all together to the bus bar would 
amount to a capital investment of 
$310/kw (electric) 
We believe that 
moved from this complex at a cost of 
about 8.4 mills 


80) 9% 


mower can be re 
| 


based on 13% capital 


factor, 1.6 mills fuel 


components in that 
5,000 Mwd /ton and crediting the plant 


cost load 


cost, burning to 
which we bn 
believe the 


beaten 


with only 25% efficiency 


lieve can be beaten, as we 
5,000 Mwd eventually 


and taking no credit whatever for the 


will be 


plutonium in the spent elements 


Conclusions 


To the observer of thi debate it 


seems that enriched reactors must rel 
heavily upon their development poten 
tial to do much better than match the 
natural-uranium 


power eosts ol 


systems 
likely be 


will «lk 


The final result may very 
that 


termine which reactor | 


individual circumstances 
used in @ par 
like the 


high interest 


ticular Countrie 
United States that have 
rates and lots of enriched uranium may 
find that the 


is best while other countri« 


situation 


slightly enriched reactor 
that have 


low interest rates and no enriching 


plants may, with just as much reason 
unenriched sy 


the aul 


decide in favor of the 


tems Starr's last words on 


lect were perhaps most appropriats 


not know for some 
what the will be. 
the different 
circumstances may demand dif- 


What 


will 


“We 
time trend 
Kven in future, 
ferent types of reactors. 


we need now is to 
to push ahead on all fronts so 
that all the 


enriched 


reactor concepts» 


or natural—can 


prove their merits in actual 


operation.” 
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PWR and Calder Hall— 
How Do They Compare? 


Depending on exchange rates, labor costs, a country's know- 


how and other complex factors, different reactors may be best 


in different situations. 


By D. P. HERRON and A, PUISHES 


1merican-Standard 


MANY NATIONS 
Kurope and Asia, are trying to answer 


particularl\ 


one of the most puzzling of questions 
Which type of nuclear reactor ha 


itom 


most 
promise for economi power? 
Reactor comparison 


task. Many 


economic factors enter that can be quits 


complex 
technical, political, and 
dependent on the particular situation 
existing inacountry. [tis our purpos 
to examine the most important of thes« 
factors and as an example to illustrate 
their influence on the power-generating 
Hall 


reactor type tor 


costs of the Calder 
and the PWR 
struction in the United State 


reactor type 
Con 
ind for 
construction in Great Britain 
Significant changes are wrought b 
the economic assumptions used in cor 
different reactor typ 


paring two 


Thus before dec iding one type 


superior to another, careful conside: 


ation must be given to such question 
as: What is the 


needed to construct the reactor? What 


true coast capital 


are the potential improvements in th 
respective types? Which t 
under 


more attractive 


economic conditions 
foreign exchange, tax 

prevail in the long run? 
best serve the national 
country concerned? | 
be constructed as thi 

possible power producer 


operation aimed at 


72 


tlomu 


those in 


Energy Division, Redwood City. California 


power in the somewhat longer range? 


W he n 
these 


decisions have been made on 


factors, a more realistic compari 

son of reactor types can be achieved 
Table 1 is designed to help answer 

this question 


PWR 


under 


It presents the econom 
and Calder Hall 
two different conditions 
both 


U. § 


ics ol reactor 
t\ pes 
1]. Construction of reactors in 


the U. 8S, using private-utility 
sccounting practices. 
both 


2. Construction of reactors in 


Britain using capital charges based on 
British Electricity Authority account- 


ing practices 


Technical Factors 


Certain technical features of reactor 
ale ign can have Pe | decided influ nee on 
the best choice of power reactor for a 
nation—for example, the know-how of 
t country in the fabrication of special- 
zed equipment such as large pressure 

sels. As small an item as the cleat 
ince along a railroad right-of-way can 
letermine whether a large pressure ves- 
el can be shop-erected or must be field 
erected, with corresponding limitations 
Th 


past experience ol the country in pro 


on possible equipment design 
duction-type reactors will influence th 
ourse of power-reactor dey 
Thus the British 


ooled production reactors and favor the 


elopment 
have operated gas 
i cooled approach to atom 


hile the 


powel 


U.S. has chosen water-cooled 


This analysis studies the big two 


production reactors and concentrated 
more on this type for power generation 

improvements. Another 
technical factor that influ 
ences a choice is the degree of extrapo 


Assumed 


important 


lation Irom pres nt tec hnology that the 


evaluator assumes. If one is willing 


to look far enough into the future, al- 


most anything appears possible 


Based on fairly reasonable assumptions 
it is likely that atomu power costs will 


eventually achieve the 7-mill range 


However, such low costs seem 15-20 


ears away under [ S. accounting 


practices, in which fixed charges play 
an important part in determining power 
During this period of cost reduc- 


cost 


tion in atomic power, there may well be 


hifts in the relative attractiveness of 


reactor types, and it seems logical to 


talk about ‘‘short-term winners” and 


“long-term winners Thus in any 


particular comparison of types it is im 
portant to state specifically just what 
the assumptions are with regard to time 
period and state of technology 


lhe areas of nuclear power costs in 


vhich substantial reductions appear 
quit probable ur 
Heat flux. The 


output 


bottleneck in the 
Irom most reactor 
fliin In 


necessary to te 


cores 1 the 


heat early reactor 


itllowable 
design it has been 


quite conservative in choosing design 


values for heat fluxes because of uncer 
of Tuel 


nt is to corrosion resistance 
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:dding, distribution of coolant flow in 
the reactor, proper hot-channel factor 
employed, etc. A 
improvement in reactor heat output 


to be substantial 
eems probable as operating experience 
s obtained in power reactors. 
Radioactivity. Conservative design 
practices have also been followed with 
r™1.: 
This 


ids to interposition of intermediate 


respect to radioactivity hazards. 


ops and additional heat exchangers to 
ivoid possible radioactive contamina- 
tion of the power-cycle fluid and addi- 
tion of spare equipment and elaborate 
With 
operating experience, it should be feasi- 


ble to of 


nstrumentation and shielding. 


eliminate many these 
sutions 
costs. 


fuel-processing costs should show con- 


Fuel Fuel-fabrication and 
tinual and significant reduction by the 
chievement of longer exposure levels 
for each element and by economies in 
manufacturing and chemical operations 


n the fuel cycle 


Political Factors 


Phe 
ted 


choice of reactor type is also 
that 
than 


by considerations are 


rather eco- 


iri political 


Thus even though enriched 


he 


United States or Britain, some coun- 


im can purchased from the 


tries lacking the capability of enriching 
the 


the basis 


iranium themselves may favor 


natural-uranium reactor on 
that it employs a more widely available 
| l¢ 
The relative urgency of power and 
differs 
In 


pecting high power costs from conven- 


requirements greatly in 


rious countries, countries €x- 
fuels 


ol 


tional this encourages the con 


truction the reactor that is most 


In the United 
costs permit con- 


onomical right now 


Stats low power 


truction of a type that holds the most 
omise for economical operation in the 


t 
ure 


Economic Factors 


It difficult to generalize regarding 
er-all economics of nuclear power 


m reactor types because the eco- 


iomic results tend to be very sensitive 
1 number of the factors underlying 

he annual fixed and operating charges 
or power generation 
Construction costs. There are great 


differences between nations with re 


spect to equipment costs, building 


materials, labor efficiencies, labor rates, 
ett The cost of land 


ern id rates 
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TABLE | 


Coat of construction of 
reactor in U 


mills /kwh) 


Calder Hall 


Invested capital 

Construction 

Capital charges during construction 
Start-up 


Investment in first core 
Total 
Fuel costs 


U?** burnup 
Plutonium credit 


Net burnup 

Rental of fuel 

Fuel fabrication and processing 
Total 


Site operation 


Power cost 


kwh. For U. 8 
ounting practices 


* All costs in mill 
private-utility ac¢ 
Authority 


For 


Electricity accounting practices 


17. 


construction capital charges 


Br 


Power Costs for 90,000-kw Calder Hall and PWR 


Coat of construction of 


in Britain* 


kwh 


5." 


reactor 


malls 


PWR Calder Hall PWR 


8.0 13.1 


based on | Ss 
British 


are 


itain capital charges are based on 





the exclusion 


can also vary 


and necessity for areas 
These differences can 
have a major effect on the cost of build- 
reactor in one country 


ing a versus 


another. An additional complication 
is the variety of exchange rates in con 


This 


have a significant effect on the cost of 


trolled-currency countries can 


imported equipment. The cost of such 
equipment often depends on the de 
of a 


rather than on 


cision currency-control board 


any ‘‘market price.” 
Design practices may differ between 
countries, so that a given design would 


be 


country 


transferred unchanged 
to The 


availability of high-pressure equipment 


not in fact 


from one another. 


turbogenerator units will 


the 


and large 


influence plant specifications 
markedly 


There 
attempting to translate 


are at least three methods of 
the construc- 
tion cost of a reactor design, prepared 


in one country under that country’s de 


sign practices and cost situation, to the 


construction cost of the same reactor in 
another country 
1. A weighted construction-cost in 


dex can be based on the relative coste 


of similar types of plants in the two 


countries. This can be used for con 
verting 4 construction cost in one coun 
try to that in the second 

2. Based on the design specifications 
of the plant to the extent consistent 
with design and construction practices 
of the 


struction-cost 


direct 
can be 


the 


second country, a con 


estimats made 


for building the plant in second 
country 

3. A general over-all correction fac 
tor can be estimated from the experi- 
of built 


plants countries 


firms that have similar 
both 


reached conclusions as to the relative 


ence 
in and have 
costs over and above the simple rate of 
exchange. 

Fixed-cost assessment. Plant 
amortization, return to investors, bond 
interest, taxes, and insurance are the 
principal items that must be applied to 
the construction cost of a nuclear power 
plant to calculate the annual charge to 
be levied against the power produced 
each year. 

The 


vary widely, depending on whether a 


annual fixed-charge rate can 


plant is privately financed or financed 
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by tax-free, low-interest government 
funds (/), 


amortization or 


An annual charge without 


taxes can range be 
tween 2.25% and 9.9%, depending on 
U.S. Go 


whether financing is by the 


ernment or by a private U. 8. utility 


Since nuclear plants at present ha 
high capital costs, which may comprise 
as much as 75% of the total cost of the 
power generated, the type of financing 
used on these plants will exert a strong 
leverage on the calculated power cost 
decide bet 


Vyeen 


Thus when trying to 


two renector types for ‘ eountl 


it could very well be i logical conclusion 
that Type A better if the 


financed the 


would be 


government plant 


Type B would be better if a pr 


utility were to finance the plant 


An additional consideration that 


often can be misleading is the possibl 
availability of low-interest money fron 


such sources as the World Bank for 


ithe le ir power! 


that ha 


erection of early plant 


in some foreign countri 


rats (uestion 


to the real 


high interest 


evitably arise a cost 


such a loan in terms of other 
that ure 


for the nuclear plant of a portion of the 


project 
ruled out by the allocation 
available low-interest mone 
Fuel-cycle costs. Assun 
to the state of technology wv 
important effect on tuel-cyel 
ics, The best 
often depend 


ption 
ll have an 
econom 


choice Oo reactor 


whiheant! on degree ol 


optimism and assumption of short 


term or long-term techno 


provements For exampl 
cladding for the fuel in 


reactors will permit 


vances in neutron econo 
ently much more expen 
less steel However, tl 
recent cost reduc tion b 


In ZIPCOMIUDL Spores ed 


provements are being made 


of acceptable fabricated onium 


The 
large-scale plants for handling 


parts establishment of fairl 
light 
ing plutonium 


fuel element 


enriched U*® and remo, 
from slightly enriched 


should permit’ significant ost reduc 
tions compared with the present 
pense in plants not spe 


signed for such material 


Design Comparison 
The effect of location 


and economic consideration 


ind technica 


political 


is well illustrated by comparing the 


power-generating economics of ¢ 


Hall and PWR type In man 
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tor comparisons, it is sufficient to use 
consistent assumptions with respect to 


such items as construction costs cap) 


tal charges state of technology, et 


However, when Reactor A has a high 


capital cost and low cost 


while 
ind high 


operating 
teactor B has a low capital cost 
consisten 


cost 


operating 


alone is insufficient, since the two de- 
igns have their economic strengths and 
weak nesses in different areas Levying 
i high capital charge, for example, will 


everel 


penalize one design much more 

than the 
This 

iting 


Hall is 


tive Low 


other 
evalu 
Calder 


eouservi 


is particularly true in 
PWR and Calder Hall 
a deliberately simple 
character 


pressure reactor 


ized by Sir Christopher Hinton as “ the 
low-speed reciprocating engine of the 
world,” It 


truction cost and a low fuel-cycle cost 


reactor has a high con 
PWR is a high pressure reactor with an 
watchmaker’s fuel clement 


but it 


expensive 
It ha 


Tile | 


i lower construction cost 
cost is high because of the 
kither 


econonmil 


evel 
costly zirconium fuel element 
design could be made mor 
lor example, by the proper choice of 
ipital charge 
Plant size, In nuclear power plants 
the unit fixed charges for power will fall 
rapidly as reactor size increase 
Henes 
vector types should be compared at the 
In thi 
~ 100.000 net elec 


tech 


for strict comparability two re 
ime power output particular 
tudyv an output ol 


was Of interest 


Since 


nical and economic details are availabk 
for a PWR design of 90,000 electrical 
kw, which has been described as feasible 
for construction now (2), this output 
was selected as the basis for comparison 
The advanced Calder Hall plants to 
be built in Britain consist of two-rea: 
tor stations with outputs from each re- 
actor of 130,000-160,000 net electrical! 
kilowatts and capital costs of $350/kw 
$310/kw 
Britain 


onstruction in 
It seems to be 


based on 
a fairly good 
rule that over a reasonable size range 
the cost per kilowatt will vary about as 
power) Ya $y this rule, the cost of a 
90,000-kw Calder Hal 
structed in Britain would probably be 
ibout $425/kw 


Differences in construction costs be 


reactor con 


tween the U.S. and Britain have been 


given careful attention Our proc 


dure was to examine the major compo- 


construction costs and to 
osts 
two countries for each of these 
nent Table 2 shows the 
With the information ay 
that a 


HOY 


nent ol 


determine relative hetween the 
Compo 
results 
tilable, it ap 
would cost 


pe . given design 


bout more to onstruct in the 


l S. than in Great Britain 


hecked inde 
direct 
lectrical-kw 


U. 8s 


Chis conclusion Wiis 


pendently by making cost 


estimate ol a 40 OOU-« 
Calder Hall reactor for 
tion A total of about 


uch a plant inthe U.S 


construc 
$630/kw for 
resulted from 


both this direct cost estimate and multi 
pl ne the ; 


cost in Brit nb ] 





Relative Construction Costs 


TABLE 2 


1 
Percentage 0 
lolal for each 


Ratio 


ho 


ilemin U.S 


construction (Briti 


practice / ; CO 


/ 


Major items large 
equipment 
NMajor item mall 


equipment 


Suslding minte 


labor 
Construction 


overhead 


Britain 


bb 
Equ 
British 
perce nl 


/ 


age 


red with A 
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PWR in 
the cost of $31.1 million 


’.S. fora 


bor mstruction of the 
Britain esti- 
mated here in the I *‘ second- 


generation”’ Shippingport design—was 
livided by 1.5 to give the approximate 
ost of 


Britain 


construction of this design in 

Unit costs for fuel-cycle steps 
reactor were assumed to be the 
same in Britain and the U.S. _Infor- 
Calder Hall fuel-cyele 


Britain is meager 


for eacl 


nation on the 
sts in 

ittainable exposure level of 3,000 

\iwd was assumed for the Calder Hall 
fuel element. This is based on British 


estimates feactivity using natural- 
iranium fuel would probably limit the 
el to 5,000-6,000 Mwd, ton 
n any event An 
6.000 \Niwd/ton 
PWR 


Because of the use of oxide 


posure i 
exposure level of 
was assumed for the 


blanket. 


radiation 


natural-uranium-oxide 


probably should not limit the 
below this level. It 
that sufficient PWR 
blanket were used to 


reactivity 


lamage 
K posure Was 
umed seed 
res wel core 
natal 
were 


Table | 
mn the following annual charges 


Cost basis. Costs in 


m amortizable items 


S. Britain 
Qe 
erator plant 5°, S' 
d costs Y/ 
charge tor fuel 


t inding 


Conclusions 


Thus in Britain, it appears that nu 
ir power from the Calder Hall rea 
ndeed be produced at about 8 
hich makes it competitive with 
Britain 
it the high marginal cost of 


entional plants in 
vith which the British are now 
Because the Calder Hall reac 
i high-capital-charge, low-oper 
st design, it benefits more from 
appears sub- 


PWR in 


however, the 


hnancing and 
better than the 
In the U. 8 
ipital charges are a more 
penalty to the Calder Hall de- 
the two reactor types would 
power at roughly 18-20 
wh 
following points are significant 


omparison 


harge decided on by 
For Britain 
material is pur 


ental « 

r fuel material 

that such 

er than rented, with the average 
— 


te ¢ ) on funds for suel 
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l. For given reactor designs, the con- 
struction-cost level and the type of 
financing has a profound effect on rela- 
tive economics. In such second-gener- 
ation designs, the capital charge is im- 
and the low-cost financing 
Britain is of 
benefit, particularly in the economics 
of the Calder Hall reactor 

2. Because of the high capital cost of 
nuclear and the 


severe economic penalty placed on high 


portant, 


assumed in substantial 


power plants today 
capital costs by the fixed-charge rates 
characteristic of U. 38. private-utility 


accounting practices, atom 
thes 


long way from being economic in the 


power 
from either of two designs is a 
U.S. at present. However, if reactors 
of larger output had been assumed, the 
unit power cost would have been con 
siderably less The expected improve 
ment in core heat output, fuel-element 
life, and fabrication and processing 
costs should also in time permit addi 


tional cost reduction 


Advanced Designs 


When one looks be 
here it 


yond the designs 
that the 


somewhat 


compared 
PWR 
more potential for improvement than 
the Calder Hall design. In PWR, for 
example, the maximum heat flux is re 
ported to be about 380,000 Btu/ft®/hr 


type of reactor has 


In less conservative designs of pressur 
ALC 
Dynamo 
the at 


ized-water reactors, such as the 


sponsored study Project 
3), it was felt that ultimately 
tainment of considerably higher heat 
fluxes should be possible, even including 
a 30% 
heat fluxes in Btu/ft?/hr 


safety tactor These are the 


PWR 
Shippingport 
S80.000 
65,000 
112.000 


PWR 
Dynamo 
1,000,000 
270,000 
270,000 


\laximum 
Average, blanket 


seed 


In the Calder Hall design, both the 
magnesium-cladding temperature and 
the uranium-metal center temperature 
are pushing very close to the tolerable 
limits. Hence improvements in Calder 


Hall 


evitably to involve a major redesign of 


power output would seem in 


*It is important to keep in mind that a 
principal reason for the decision to con 
struct the Calder Hall and PWR reactor 
types was the technical assurance that such 


designs would work Preliminary studies 


of other more advanced reactors indicate 


that at least on a design basis these ad 


vanced types should produce power at 


appreciably lower costs than either Calder 


Hall or PWR 


the fuel element Since the 


element is extremely inexpensive, it is 


present 


questionable if a net economic saving 
of any magnitude could be effected by 
such redesign. Similarly with the use 
of slightly enriched U* 


hydrogen as the coolant instead of car 


of helium or 


bon dioxide, of beryllium instead of 
magnesium as the fuel cladding, the 
potential for cost reduction in Calder 
Hall does not seem as great as for the 


pressurized-water type 


Whither Other Nations? 

A similar approach to the comparison 
of Calder Hall and PWR in Britain and 
in the U.S, 


the merits of 


can be used to determin 
these 
countries, 


reactor types in 


other Again the construc 
and the 


rate are the most important 


tion-cost index fixed-charge 
variables 
In addition some extra cost can be in 
volved in shipping spent fuel elements 
to the U. 8. 


remoy al, 


or Britain for plutonium 


Such a study was conducted for loca 
these two 
There the interest rate | 


higher than in the U.S 


tion of reactor types in 


Japan even 
but taxes are 
lower. On balance it appears that the 


fixed-charge rate, assuming financing 


at current Japanese money rates, would 
be about the same asin the U.S. (15% 

Construction costs for an atomic plant 
in Japan, assuming much of the equip 
would have to be 


ment inported 


should run about the same as in the 
U.S. In general, the plant factors for 
power plants in Japan tend to be some 
ind Brit 
that thir 
nuclear 


rules, the 


what lower than in the U.S 


ain, and it was assumed 


would continue to be true for 


plants. By such ground 
estimated power cost in Japan for a 
90,000-kw PWR was found to be 
mills/kwh with a corresponding cost of 
21.0 mills for the Calder Hall reactor 


of the same size 


21.8 


*. . > 
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A First Look at 


Fusion-Reactor Control 


A “'black-box"’ approach to the fusion reactor 


predicts over-all control characteristics 


resembling those of a conventional fission reactor 


By M. A. SCHULTZ 


We stinghou se Klectris 


THE FUSION REACTOR concept has been 
developed to the point where there is 
now enough information to enable dis 
cussion of some of the associated engi 
neering problems. For instance, R. | 

Post’s article ‘Controlled Fusion Re 

search” (1) provides an excellent back 

ground for speculation as to what a con 
trolled fusion reactor might eventually 
look like and how it might be expected 
Although the 


ceptual problems outlined by Post ap 


to behave. basic con 


pear to be most formidable, it is quite 
clear that the succeeding engineering 
problems will easily match them in 
complexity. 

Attempts to understand these prob 
lems can begin by comparing some of 
the problems with currently understood 
fission-reactor problem The reactor 
control engineer in particular can begin 
to be interested in questions of stability 
control, and speed of response 

Reactor stability 


in the mind of the 


control engineer, concerns the reactor 
as a whole and as a component in thi 


Detailed effects, such 


complete plant 
as neutron-flux spatial variations in the 
fission reactor or plasma oscillations in 
the fusion reactor, are of little concern 
Problems of plasma instabilities that 
affect the basic feasibility of a fusion 
the type 


Schwarz 


reactor design [for example 
predicted by Kruskal 
child (2)| will presumably) 


and 
have bee n 
solved before the engineer is 
design a control and protective system 

These lead to the 
black-box” 


actor stability in 


considerations 
approach to over-all re 
which no geometry 
need be specified and the performance 


controlled powe! 


of the “box” as a 
generator is given by kinetic equation 


in terms of a few variable 


76 


Corporation, Pitts vurgh 


required to 


, 
/ enn sylvania 


Fission-Reactor Example 


The approach used to analyze the 
kinetic behavior of a conventional fis 
sion reactor is a familiar example of the 
The “ black-box 
picture of a simple fission reactor 1 
The kinetic perform 


black-box method. 


shown in Fig. 1. 
ince of such a reactor without tempera 
ture coefficient is mathematically de 
scribed by the 


following well-known 


equations: 


dn 6k 
n- 


dt hg 


FIG. 1. Black-box representation of 
fission-reactor control problem, k is 
reactivity, n is neutron flux and §S is 
neutron source 


FIG. 2. Black-box representation of 
fusion-reactor control problem. a(T)n’ 
is reaction rate, T is reaction tempera- 
ture, B is magnetic field and §S is fuel 
injection rate 


Equation | is a neutron-balance equa- 
tion, and Eq. 2 describes the time be- 
havior of delayed emitter concentra- 
tions. It will be noted that there is no 
concern about time variations in the 
spatial distributions of neutron flux or 
The 


rather with 


emitter concentrations equa- 


tions are concerned how 
the entire box responds as a unit with 
time From these equations the fre- 
quency response or transfer function, 
relating output to input, can be de- 
rived. An examination of the transfer 
function then allows prediction about 
the stability of the reactor and gives in- 
sight into the general characteristics 
required of an external control system. 
This gross handling of a complex, de- 
tailed subject has been most successful 
for the fission reactor and consequently 
leads one to attempt a similar approach 


for the fusion reactor (see Fig. 3) 


Fusion-Reactor Black Box 


The corresponding “black box” for 
a fusion reactor in which the reaction 
is presumed to be confined by a mag- 
that of Fig. 2 
black 
this 


netic field might be 
other 


also be 


Several configurations of 


boxes can roade, but at 
stage it seems more important to illus- 
trate the approach rather than present 
all of the specific concepts. The equa- 
tions and constants describing this box 
follow Post’s notation and graphs 
Two equations ol roughly the same 
form as the fission equations can be 
written for a simple confined plasma 


system 


dk: 


dt 
Kp nkT 


r(T') 
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0.54 & 10°%n?7' 





OV) avg + S 


oneisa power-balance equation 
represents the rate of change of 

| energy in the plasma, and Eq. 4 
sents a particle-number balance. 
| that follows is concerned en- 
vith obtaining and interpreting 
ithematical solution of these two 
itions, an attempt will first be made 
cribe, and hopefully to justify, 
terms of the two equations and the 
issumptions that have been 
ssumption is made that some 
configuration has been found 
and this reactor 


fusion reactor 


first considered as operating on 


DD reaction 


to be 


None of the general- 
is affected when 
The deu- 


box” have a den- 


mac 
reaction is used 
ions in the 
are at an elevated temperature 
ire presumed to be confined in a 
pecified 
constant magnetic field B. 


means of a 
The 


cess is assumed to be occurring on a 


manner by 


er-unit-volume basis, and the over-all 

lume and geometry are ignored As 

the case of the fission-reactor equa- 

the variables can also represent 

ther total or average values for the 
ntire box 

/’/dt is the rate of change of energy 


thin the box” and can be represented 





Definitions of Auxiliary Constants 


Definition 


DD reaction DT reaction 
oh 
LW 

Bohm 


Same as DD 


nB 
Agno’ 
6K pnoe?7 
ZK pro 
Znyaok as DD 
2K anol 
Kp7 


as Dp 


1 oNnoa 


i DD 


Same as DD 


Marne 
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by the change of the thermal 
energy possessed by the system; hence 


dE /dt = d(%:nkT), dt, where k Boltz- 


mann’s constant. The power balance 


rate ol 


consists of two parts: first, a production 
term represt nting the rmonuclear energ\ 
various losses of 


release, and, secondly 


The pro 


power by specific processes 


duction term is 'sn*Xov),,.W, where the 
constant W is the energy released to the 


neutrons gen 


charged particles per reaction 
energy possessed by the 
erated in the DD reaction is presumed 
to be lost from the system, gainfully or 
otherwise, and therefore is not available 
The (or 


of the product ol 


to keep the reaction going 


term, the 


uveruge 


cross section and relative velocity as 


given in Fig. 4, is dependent on tem 
perature and is designated hereafter as 
a(T). 

The first loss term of Eq. 3 is given 
by 0.54 & 10°"n?T' This is the 
Bremsstrahlung radiation loss from the 


Here the 


are assumed to be in temperature equi 


system electrons radiating 
librium with the ions (the electron par 


ticle density, equals the ion partick 
density). 

The second loss term K pnkT/r(T 
is the power loss from the system by 
where r(T') 
sents the average time taken by parti- 


the source to drift 


particle diffusion repre 
cles beginning ut 
through the magnetic field to the walls 
of the box. This “ 
must be comparable to the average 


confinement time”’ 


reaction time for a successful fusion 
reactor. 

Other loss terms can also be imagined, 
such as the radiative losses caused by 
impurities and the possible need to pro 
vide internal power to heat up new par- 
These 


add additional nega- 


ticles inserted into the system 
other losses only 
terms to hq. 3 
that 
tially the form or the approa h to the 


tive and are a re 


finement does not alter substan 


control-stability problem 
In Eq. 4 the 
thought of in fission-reactor terms as 


term Kpn/r(T) can be 


the particle loss caused by leakage 


Similarly, the second term, 44n*Xov) sv, 
is analogous to fuel depletion or burnup 
The third term i 


term which refer 


1 source or injection 
to the rate of addition 
of new particles to the system to com 
pensate for the burnup and leakage 

It will be noted that the 


fission and fusion re 


roles of the 
source term in the 
actors are somewhat reversed In a 
fission reactor as the power level is in- 


creased the effect of the source becomes 


In thr 


actor at higher power levels more and 


sinaller and smaller fusion re 
more particles are needed to kee p the 
reaction going Injection is probably 
a better term for use with fusion reac 
that the 


fuel is actually implied 


tors in introduction of new 


Mathematical Solution 


We must first consider the form of 
the confinement time r(7') with respect 
to the temperature and the 
field The 


versely proportional to an ay 


magnets 
confinement time is in 


cruge 


FIG. 3. Frequency dependence of 
transfer function An/AS relating time 
variation of ion density n and injection 
rate S for a fusion reactor operating 
on the DT reaction 


Post 
for this velocity —the 
diffusion theory in which 
~ BT” /n and Bohm (4) diffu 
where r(7') ~ B/T For 


either 


drift’ velocity. gives two forms 
so-called ‘ class- 
cal’’ 
r(7') 
sion theory 
form is suitable 


our purposes 


and we first select Bohm diffusion. Let 


where nisanappropriate constant, An 
indication will be given later as to the 
effect stability 
form of the diffusion equation 


upon of changing the 


We can now rewrite qs. 3 and 4 in 
terms of the 
fined in the table 


auxiliary constants de 


as follows 


Ky T K en®al(T K yn? 


A pi 7 
2 A dD 


nT 
3k 


These equations are nonlinear, but 
as in the case of the fission reactor us 
ful solutions are obtained by linearizing 
them. The object here is to derive a 


transfer function expressing the rs 


77 





the 
and n to sinusoidal var 
The 


equation so determined 


ariable 7 
the 


sponse of dependent 
ations of 
characteristi 
vill then ind 
table 

the 


injection term S 


cate whether the evaten 
the effect 


parameters on stabilit 


ind 


will show iriou 


consists in assuming that 
time variables, n, 7’, and 
of a steady-state value 
sinusoidal variation 


state value: 


The 


linearized as 


variable coefficient 


a(T') 
We neglect second-order differential 
and note that a new term / intr 


duced which is analogou » the ten 
perature coefficient of reactivity in 
These new 
can now be introduced into | q 
With new constant 


the table, we have final! 


fission reactor variable 


4a. 


dAT _dAn 
Ih +P 1 A7 


At dt 
d An 
dt 


These equations are now 
constant coefficient O We 
Phe 


Laplace transform ZErO 


have 


eondl 
tions are ignored a ilread 


subtracted the stead tate term 


Ka AT(a) + Fs An 


sAn(s)=CAT(s)4+DAn +AS 


The transfer functions for An and A7 


can now be obtained 


AS(a8) as a forcing function 


AT'(s) 
AS(s) 


Ks? 


An(s) 
AS(8) 
/ 


Ks? +(FC—ED 


These transfer fun 


of the form 
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iast two terms represt nting the losses 


From the negative signs it appears as 
though the greater the losses the highe 
of stability Physically 


asystem with 


tart off with a finite gain at zero fre 


the possibilit 
Chey have three break points th 


the large 


falls off capable of continuous oscillations 
The roots 


que \ ! 
quent 118 BeCTUS re sonable “is 


and heavily 


issuing a and 5 are real losses j 


damped and not 
implitude response ultimate! 


ita rate of 6 db per octave 


Other inferences can be drawn from 


in very easily be obtained once specifi 


xamination of A, 
If K, Is 


reased reaction 


this inequality by ¢ 


numerical values are used 


the ts mperature coe flicient 


negative, meaning a de« 


Stability Criteria 

We now are in a position to « 
the stability of the sy 
stable if the roots of the 
the 


rate with an increase in temperature 
stabl the 
pertinent constants are all 


Fig } ot lor the 


Kamine the stem is clearly since 


The sys othe 


charac tive 


stem posi 
1)’ 
reaction shows a negative slope over ua 


The DD reaction 


characteristic in 


tem j From 


tic equation denominator of 
9 and 10) 


A necessary and 


portion of its range 
this 


have negative real 


does not exhibit 


the 


ufficient con 
indicated range 
positive the 
stable 


tition for the roots ol iquads itic equa If K, 18 Zero Of 


lightly system 
The 


pe rmissible 


tion to have 
ill of the coefficient have the 
As we that the 


negative real parts is that also ap 
Mmaximu4ni 
lor Ky ct 


and also A Dy 


same pears to be 

value 
on T'o, n¢ 
function of the confinement process and 
Without 


refinement and good numerical data the 


know energ } positive 


pend which is 


id trength considerable 


above statements can le interpreted 


only as trends either toward or awa 


Irom tability 


The 


be obtained by substituting the original 


remaining stability criterion can 


onstants into inequality 12 


( K Ka 
2A ] a ) 
3k 


; 2A 
T')*h 
okn 


FIG. 4. Temperature dependence of 
reaction-rate parameter for DT and DD 
reactions assuming Maxwellian particle 
distribution, This figure from article by 
R. F. Post (1) 


must be positive to ha ea stable sys 


em it is necessary that Chis inequality does not appear to | 
the obvious physical significance that 
FC BRD 1 13 


AD BC 


Inequality does However, if ( 

ume that 13 imposes a lower bound 
on the stability, at a 
seems to be u 
from 14. It car 
een that at high temperatures and 
Kx» 
predominate if Ag re 


and finite 


temperature tor 
there 


We can now see what these criteria 


high temperature 
in in terms of the original constants y v8 
. form ot density timiut 
lirst using inequality 11 and substitut 1» : 


ne the expressions from the table. we 
find that, for stability 


gh densitu 


the Kano tern 
might ultimatel 


lA n ns positive 


on then 


MkK.T 


Stable opel 


ippears to have i low temp 


6K nT ture limit and a high-density limit 
temperature 

Phi nterest oO wate that the trend 

information. It will e same regardless of the 

right of the 

directly to the 


the 


inequality reveals severa remain 
rt bits of 


noted that the terms to the 


orm ol the 
OlVve iiqs 6 and 
of diffusior 

The in 
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nequality are related 


rain and loss terms of hq , with in the Bohm t rm 





orresponding to 13 becomes 


ikKaTs > 4KW 


A T A ) ny 4 
| t Ko) My 4 Loa 


pparent that the diffusion has 
ted only the last term of the equa- 
d all of the 


Lid 


mentioned trends 


Frequency Response 


Returning now to the transfer func 
t is of interest to obtain order-of- 
ignitude answers for the frequency 
nse of the reactor to get a feel for 
ntrol problem. For this step one 
upply numerical values for the 
of the characteristic equation 
onvenient starting point toward 
first try 


ng numbers we will 


DD Post’s calculations 
that 


it a power density of about 100 


reaction 
1) suggest fission reactors 

At this power density it Is 
out that 


it 100 key 


a DD reactor oper 
kinetic 
| need a particle density of 3.3 


temperature 
irticles/cm From these values 


naining constants can be 


6 watts/cm*/kevy 

1.9 & 10°" watt-sec/reaction 
10-'* watt/kev? 
10° ** em?*/sec/key 
10°" em*/see 


10-'® watt-sec/kev 


obtained from the steady-stat« 


on of eq. 3 in which it is assumed 
diffusion losses just make up 
ifference between the production 
thermonuclear charged-particle 
ind the 


ck ol inequality 


Bremsstrahlung losses 
13 indicates 
constants we have chosen rep- 
in unstable system since 
ikK.T KW 
2K pT 


" 


6K eT 


ls x 10 > 65.5 
aw xX IG & x 10 


a 


dent that at the temperature 
ty chosen the positive tem 
oefficient A, is too large and 
stability 


term is small com- 


lominates the picture 
epletion-loss 
ith the Bremsstrahlung losses 
ippears as though the conditions 
hosen do not provide sufficient 
stable 


the option of changing 7'> o1 


ng to keep the system 


effort to find better conditions 
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If, as is the case with the DT reaction, 
K, ultimately becomes smaller or even 
negative as the temperature is further 
increased, we might hope to find sta- 
bility at a higher temperature than 100 


kev 


the magnitude of A, for substantially 


Post’s curves give no clue as to 


higher temperatures. Attempts to im- 
prove the stability by lowering no do 
within the 
sumptions. That is, with Bohm-type 
diffusion and the 
the steady-stats 

up the difference 


not work limits of our as- 

assumption that in 
diffusion losses make 

between thermonu- 
clear gain and Bremsstrahlung loss, no 
and AK» vary directly with each other 
and hence a change in density does not 
affect the stability of inequality 13 

To continue attempt to 


our assign 


control speeds to the thermonuclear 


will now derive the transfer 


a D'l 


where we 


reactor, we 
function Tor reactor operating in 
the 
temperature coefficient 
stable In this 


\ aluc ~ We 


a range KNOW reaction 
has a negative 
and where it must be 


example for numerical can 
again assume the 
density of 100 
100 key 


of deuterium 
tota che 


fission-reactor power 
watts/cm’, a tempera- 
ture ol ind an equal mixture 
with the 


tritium 
nsity of 4.2 


ind 
resulting 
particles em 

The basic stability equations are the 
ind 4, but 


constants are 


as shown 


slightly 


us as 5) 
by the table the 
different. The 


derived from Post's curves 


following tlues were 


The 


obtained direct] 


transfer functions can now be 


ind the density fune 


tion becomes 


An a 
AS(s 


O10) 


This transfer function plotted in 


Fig. 3. It is evident that it is similar 
to the transfer function of a fission rea 
tor The last break point in the trans 
fer function o¢ at approximately 


In fi 


pond to a reactor ha 


1 cycles/ sec ion-reactor termes 


this would eorre 


ing a mean neutron lifetime of about 
3X 10-* sec, This life 
time might cause the reactor to have a 
that of a 


equivalent 
speed of response between 
graphite-moderated fission reactor and 
a large water-moderated fission reactor 
both of which are easily controllable 

Fig. 3 
gain at zero frequency the fusion-reac 


Inasmuch as shows a finite 
tor transfer function resembles that of 
having a negative 
(The 


reactor 


a fission reactor 


temperature coefficient. trans 


fer function for a fission with 
inf 


Thus all 
of the well-known properties of a fis 


zero temperature coefficient has 


nite gain at zero frequency.) 
sion reactor having a slight negative 
temperature coefficient would appear 
this 


reactor in 


over to fusion 


being stable would provide a 


to carry type ol 


reactor addition to 
measure 
of self protection against transients and 
would be incapable of “running away 


Conclusions 


Many other interesting analogies be 
tween the two types of reactors could 
from the 

It must bn 
that the black 


proved 


be ae rived equations pre 


sented her remembered 
howevet box ip) 
proach must first be 


tions as to the effect 


(ues 
of changing mag 


netic fields as well as the possibility of 


having moving boundary conditions 


have been ignored Our attempt has 


been merely to show one type of engi 


neering approach to an ultimate con 


trol problem 


However, in so far as our assump 
been able to 


ot ite 


tions are valid, we have 


establish two things: (1) because 
positive temperature coefficient the DD 
reaction will be unstable 
tures up to at least 100 key 
(2) the DT reaction 


is stable below thi 


lor tempera 
10" 
on the other 


about 
hand temperature, 


ind indications are that the control 


svstem speed requirements would not 


be excessive 
* * . 


The author 


(,race sor 


wishes gratefully to thank J. N 


hia aasialance 
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With removal of 25% of 
uy per pass through 
diffusion plant 


Fuel not recycied 


through diffusion plant FIG. |. Effect of U**® removal on 


decay time needed to reduce U*" to 
10° dpm/kg uranium. Operating 
conditions: 1.2% U**® charged; ot 

10”! n/cm?; batch irradiation; infinite 
recycle 


Choosing Storage Time 
To Minimize Processing Costs 


To determine the optimum fuel cycle, the cost of storing spent fuel 
must be balanced against processing, refabrication and shielding costs. 


These factors are considered here for various fuels and reactor types 


By J. W. ULLMANN and E, D. ARNOLD 
Che al lechnolog i) on, Oak Ridge Nationa 


TO REPROCESS IRRADIATED FUEI y f material is leased, the basis fo be | d more upon the biological 
age before or after chemical proce ing ( .¢ charge in most cases wi e tolera es for the type ol processing or 
to reduce radioactivity emo ( thi ilue as taken from the efabrication necessary than upon 
processing methods, or ol he material is purchased or awaiting irbitra comparisons with natural 
ol these two approache ll b ec ¢, the working capital represented in i The activity levels for semi 
sary. The final procedure will be proce inventory should be caleu remote refabrication are assumed to be 
determined by cost ed, based on its form at the particu My it | ft Thi wetivity le 

The cost of decay storage con rf ir moment in the processing cycle, lelive 200 mr per 40-hr week to 
three types of charge he cost « Che decay time required depends on thie inds and 300 mr per 40-hr weel 
storage space, (b) the use « ge fe the radiation levels that can be tol o the total bod vhich is taken to be 
any fissionable material leased fro rated for various refabrication tech ft fre 1 source 


the AEC, and (c) an inventor st f ue Firm criteria have not been vie 
Irradiation Products 


working capital tied up in | ( ( ( ished to fix these le Since 
material bought from the ( wer reactors will discharge fuels that Reduction of fission-product activity 
awaiting sale to a customer ire highly irradiated by present stand fter reactor discharge simplifies prob 

To determine the total co rds, either long decay periods or a ems of heat removal during transport 
necessary to define (a) the cost of the ic of remote refabrication will b or storage and reduces radiation dam 
space and its operation, (b e base CCOCBSAP) The economics of re to process reagents and plant 
charge for holding the el mate ilternate have not vet beer \ onstruction materials. Since 12.8 
(1, 2), and (c) how long the 1 nvestigated $a! (La!) controls shielding up 


will be held Che length of the decay time should o about 90 days’ decay, considerabk 
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TABLE 1—-Proposed Handling of Trans- 
mutation lsotopes 


l-month decay of 


Allow 


fuel, or recover Np?** 
Allow 
fuel, or 


>, 239 
n Pu? 


120-day decay of 

increase re 
fabrication cost 

Allow 
or waste, or 
Pa?*4 

Repurify 
remove U?*? daughters 

Allow 
or product, or increase 


l-yr decay of fuel 
recover 


periodically to 
l-yr decay of fuel 
refabrication cost 


Allow 
fuel, or 


60-day decay of 
increase re 


fabrication cost 





ivings in shield weight can be made by 
permitting decay before handling. 

Finally, processing is simplified if 
there 


uct 


ire fewer species of fission prod- 
For 
I'*! can be eliminated 


to be removed from the fuel. 
example, 8-day 
from process consideration after about 
100 days’ decay. 
Transmutation-product decay. 
Neptunium-239 is an intermediate in 


) 


the production of Pu** (see Fig. 2) 


ind Pa is an intermediate in U? 
production. Unless it is economically 
feasible to lose these unconverted inter 
mediates, they must be either recovered 
or allowed to decay to the product 
Isotopes 

Decay can be performed before the 
initial separation or second separa- 
made after the waste from 


tion can be 


the first step has decayed. Since al- 


decay is required to 


content to 0.1% of its 


ear’s 
Pa? 
it time of discharge, preprocess- 


most a 
reduce the 
Lille 
ruled out as leading 
On 


ing decay may be 


to excessive inventory charges 
since only a month ts 


Np?** decay 


de ny 


the other hand 
ed for comparable 
iy practical to allow 
processing 
ranium-237 and Th?" are produced 
Th? 


may be 


itions of I and 
ly Product 


any unde caved l? 


decay 
Sines and 
carry through the processing 
and 


recovered uranium 


ar | produced from 
Th?” and its 
particu- 


ivs to 1.9-yvr 


This 


situation —-a 


laughters leads to a 


larl nast' short decay 
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the | 


product and some Th*** in the thorium 


period will lead to U**? in 


product with subsequent ingrowth of 
both; a 
period will increase the activity in the 


activity into longer decay 
since it 18 


the U*4 


l re ICCRS 


which 
bulk than 
does not help the situation 


thorium product 


much larger in 


ing after a short decay time to mini- 
mize the activity of the thorium prod- 
uct with periodic repurification of the 
uranium product has been proposed 
scheme will feed appre- 

‘and Th*®* to 


the process, storage of protactinium- 


Since such a 
ciable quantities of Pa 
bearing waste and product thorium 
may be required 

Buildup of Pu?” by continued re 
cycle ol plutonium may increase 
X-ray 
factor of four over that of pure Pu? 
It also appears that the Pu*** content 
limited to keep the 


the 


gamma and background by a 


4 


may have to be 


alpha-neutron reactions within 
allowable neutron background. 


Table | 


methods of 


summarizes the proposed 
transmutation-product 


handling. 
Storage Space Required 
The 


irradiated-fuel decay is affected by fuel 


storage space necessary fol 
enrichment, processing-plant through 
put, fuel-element geometry and alloy 
composition of the fuel 

Enrichment. As the 
of fissionable material in an 
the 


unit 


concentration 
clement 

clements 

de 


creased to avoid creating a critical as 


increases, number of 


stored per volume must be 


sembly. Against this can be balanced 
the fact that enriched elements will be 
shipped in smaller carriers, which can 
be handled with a lighter crane 


Plant throughput. Assuming a gis 


en type of fuel element with a fixed de 
the 


eay schedule irea required for 


storage will be directly proportional to 
In the 


cost of auxtianres to 


the plant throughput case ot 


enriched fuels, the 


maintain criticality control, such as 


baskets, will bi 
to the throughput 


roughly proportional 


over i 


the 


For a constant enrichment 
wide range of plant throughput 
cost of the unloading area and heavy 
duty Phe 


operating costs, chiefly for personne! 


crane will remain fixed 
and water treatment, should not vary 
greatly with throughput 

Element geometry. 
nium, where criticality hazards are not 
the sole effect 


of fuel-element geometry is to change 


For natural ura 
considered for storage 


the weight that can be stored per unit 

volume 
In the 

alloy rods, the water-moderated critical 


case of enriched-uranium 
mass is lower than the water-reflected 


one A greater number of rods can 
therefore be stored tightly pac ked than 
that corresponding to the minimum 
possible critical mass 

Alloy composition. 


natural uranium by alloying constitu 


Any dilution of 


ents will have the same effect on stor 


cost as voids in the element 


age 
namely, increased cost per unit weight 
of uranium stored 

kor highly enriched allovs, the itu 
ation 18 more complex A sale 
cedure would be to assume that 


pro 
us the 
percent uranium in the changes 
the 


stored in 


may be 
There 


more to 


same mass of uranium 


any one container 


fore, more dilute alloys cost 


store than more concentrated alloys 
Against this may be balanced the fact 
that in a more dilute alloy more poison 
will be present and more neutron leak 
age will occur, and therefore it might be 
larger masse of 


The 


ticular range of moderator-to-uranium 


permissible to store a 


uranium per contaimer par 





TABLE 2. Comparison of Two Reactor Types 


(ne-requon reactor 


re 


lLorichment é 


Irradiation level 5000 Mwd/ton 


Irradiation time 50 days 


Uranium loading 10 ton 


Flux 


(thermal 


Specific power (0 Mw/ton 


Decay time 125 days 


Tl wo-reqgion reactor 


WY, depleted blanket 


core 


5,000 Mwd/ton (equivalent 


250 days for blanket, 42 days for core 


0 tons for blanket core 


85 kg for 
flor core 
for blanket 


15 & 10'* n/em?*/sec 
15K Wn 
6 Mw/kg U™ 


150 days for core 


em? / see 
18 Mw/ton cde pleted { 


107 days for blanket 








ratio will also hav 


effect of alloy composit 


Decay Time Required 


The type of reactor, tl 
irradiation, method 
refabrication technigq 
amount of decay t 
thus the cost These 
illustrated by the 


ated with natural or enric! 


Reactor type. ‘Thi 
of U**" (starting with 
estimated by the equatior 


\ SSK 10° Po 


This equation wa 
bining the relation 


WAI 
pP 


where P peeific pr 
oo neutron flu 
l irradiation ¢ 
decay const 
(1.19 & 10 
N 97 | 
tion (atom 
wt of uraniut 
A vogadre 
10 
fuel enrich 
(24), @,(25 
tive fissio! 
section 
fission 
lor long irradiation 
ity after the first is 
directly proportional 
flux, specific power 
time Fuel material 
flux of 1.5 & 10 will 
less decay time than t! 
7.5 & 10" for the sat 
same specific powe! 
each factor of 2 that 
enrichment (for the 
specific power) 6.7 
time will be require: 
About 30 days’ | 
therefore required fe 
(0.3% U2 @ = 1.5 
than for an interna 
2% U** @ 7.0 


irradiated to the urn 


cay time required for thi 


riched core is considera 


228 229 230 





FIG. 2. Transmutation-isotope production routes in uranium and thorium fuels.  In- 
termediate isotopes produced during irradiation lead to contamination and radiation 
problems. In recovering fissionable material, processor must decide if it is more 
economic to permit decay of intermediates or to separate them out 


that for either the blanket o 
ial converter, but less ma 
tored ee Comparison it 
Recycle of a Put 
hat used in a fast breeder reactor 
ve accomplished after only 20-30 da 
r neptunium decay The Pu 
parated from the [ ind fi 
products and then blended with fres 
| before refabrication If the Pure 
roc is used, the separated | it 
2M uranyl! nitrate, would be held back 
120 da or | deen The tank 
charges for holdup of this | fraction 
ould be approximately $120 per ton 
L245 processed, with the additional 
nventory charges being approximate!) 
$40 per ton of | processed, Thus it 
possible to minimize both the charge 
to plutonium holdup and the in 
ed cost of remote or semiremote 
reflabrication with only a 
n the storage and invent 
holdup 
Method of irradiation. 
of reactor-dischargs 
pends upon the method 
mn, whether continuou 
pe of operation) or 


ipon the number 


in batch « if 
in infinite number « 
een accumulated, the 
| transmutation isotopes of 
onable materials is lower 
the continuous = irradia 
tate For an infinite 
itch irradiations, the tra 
product activities are the 
the continuous case 
ion product activitie 
rin continuously discl 
itch-discharged material 
lhe principal transmutatio 


tivi n | or natural urani 


| 
| 
nriched uranium ar et by the I 


rhe difference between the | 
ced dur ng a batch and a con 

lou irradiation depends on the | 
ontent In batch irradiation the U* 
ontent depend on both the degree of 
removal in a diffusion plant and the 
imber of times the material has been 
led If no U**® removal occurs 

i diffusion plant, the I au 
ifter any cycle of batch irradi 
N o¢/A x a,(26)/a,(25) times 
activit resulting from con 
irradiation hor an infinite 

er of batch cycles this ratio 
Dut, lor examptk ifter 16 cycles at 
time ol 1/em? per eycle, the 
nee \ \ 

i/] 

Method of recycle. The effect of 
le of both fertile and fissionable 
iterial through a diffusion plant 
is would be the case in a one 
on slightly enriched reactor, can be 

trated by the follow ng analysis 
After infinite recycle of slightly en 


| uranium with the burned [ 
ed in each pass the U*54/] 
ratio charged to the reactor will 
ipproximately 7.5/1 However 
reprocessed fuel recycled throug! 
eous-diffusion plant after eacl 
remo 


ratio is 


the ae 
o 18 ilustrated in Fig. 1 


Refabrication techniques. The 


wer 


ble activity levels in natura 


For direct refabrication 


must h 


mote tabrication ma 


f the activit 
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dpm/kg | The decay time 
erefore be shortened by SO days 
remote fabrication is used. 
0 days would be needed for en- 
to 1 kK 10° 
corresponding to ol 10?! 
7) lus, 16 semi- 


fabrication can save over 50% 


iranium to decay 


cycles), 
nventory and storage charges. 
enrich uranium in a diffusion 
entory charges will accrue for 

for U? 
Alternatively, 


‘to decay 
the 
in be replaced with fully en- 


eriod necessary 


ground 


iranium and semiremote fabri- 
A ed 
perhaps half 


after a shorter cooling 
since 


te 


with enrichment, it is neces- 


as long). 


ie per unit of contained 


to balance 


mots 


and 
the 
against the higher in- 


the increased U*4 
fabric ation costs ol 
scheme 


harges of the first 


Hypothetical Cases 


2, listing the characteristics of 


pothetical reactors, gives some 


cation of the enrichment, irradi- 


ind decay problems associated 


tor fuels 


two-region reactor offers a some 


lifferent situation with regard 


inventory and storage costs 


the inventory charge for decay 
blanket is the 


inventory is neglected 


negligible. If 
et-decay 
ary to balance the core-decay 
igainst the slightly enriched 
mpare reactors. To have a 
Ly inventory charge equivalent 
the 


iry to have 31% burnup of 


it, for single-region reactor 
th the full 150-day decay time 
y time and U*"’ activity associ 
th various burnups to maintain 
inventory charge for the core 
to that for the one-region reactor 
cated in Table 3 

ges due to plutonium holdup 
after 
the 
The 


stored as 


reduced by processing 


ek decay and holding 


product for | 
product 


decay. 
may be 
containing 


nitrats solution 


f uranium per liter 


Thorium and U* 


I rium 


Lional 


brings veral 
The activity of 


order ol! 


decay up s 
problems 
on the 

10° dpm/kg Th; and Th 

ds up during the pre-Thorex 
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LKé 


a year to 


decay time, decays with a 1.9-yr half 

life. 
However infinitely 

kept to 


natural 


the activity of 
nay be 


that of 


limitations 


recycled thorium 


five times 
by 
flux 


time 


than 


less 


thorium stringent on 


irradiation level and 


rhe 
1.000 em 


reactor 
irradiation level 
ton* and the 
reactor flux above 3 X 10" n 


to these 


decay 
must be below 
cm? net 
meet specifications with 
> 10 
3) Higher irradiation levels will re- 


the 


reasonable decay times days) 


quire semiremote re fabric ation ot 
thorium product 
The 


handling 


semuremote 
mr/hr at 1 ft 
to 


specifi ition for 
based on 30 
allow the total 


to 20 


radioactivity 
that of 


will 


grow natural 


decay time required is the total time 
for Pa*** which may be held 
back in tanks. The ac- 
tivity of its daughters in 
half-life 


maximum in 


decay 
waste catch 
Th*® and 
stored U** builds up with a 
of 1.9 yr and reaches a 
Thus | 


to be repurified remotely 


* products will have 
A kilogram 
of U*** metal (spherical) recovered from 
1,000 gm/ton 
300 mr/hr at 1 ft 
This activity level will allow 
hr/week 
using the limits of 1 ft 
hands and 2 ft for total 
10-hr/ week 
for semiremote fabrication, the distance 
set and 


10 yr. 


material would read 


after 3.5 months 
storage. 
only 4 working time when 
lor 
lo 


time 


distance 
body 

maintain a working 

from source to hands must be 


maintained at 3.5 ft and the total body 





TABLE 3 Burnup Effect on U 


Decay time 
necessary lo 
limal core 
Burnup nventory cost to 
of { 


‘ 


that for 


ame a 


me-requon reactor 


20 
4 
| 
130 
150 


10-80) 150 


* Basi ov i entor co 


i t base 
wtivity of a met phere weighing | ke w 


mr /he Solution fl containing | kg « 


ithe loot ven for pure 


120-1 


at gi 
product sctivil with ‘ removal 


lace activ 


fl at 
metal (b 


in Two-Region Reactor* 


Radiation level 
all tit trom 
{/? activity / from 1 ka 


dpm kg f mi hy 


don value of fuel 
ith t activity oO 
150 gm t 
ised on at 


kg | 


sO watt 





rhis 
able irradiation 
at 3 X 10" n/cm?/sec 
time The 
sible pre-Thorex decay 
n/em?/sec flux and gi 
would be 90 day Assuming that the 
Th?** of the 
total semiremote 
handling will also 150 days’ less 
decay time for the Th Thus 


the thorium in charges may be 


the allow- 
el to 8,000 gm/ton 
flux 

maximum 
time at6 
s (0) 


thorium ll Increme 


and zero 
decay pernnis 
1O' 
ton 
chain contributes 75% 
allowable activity 
Lllow 
4 decay 
entory 
decreased b i factor of 2 by using 
semiremote refabrication methods 

The problem with U? is different 
T horey dec iy time has ho 


the sctivity The 


since the pre 
effect 


upon ony 


* The ter: m/t or thorium irradia 
tion correspon t y nass 233 per 


metric ton 


Twelve 
operation working time per week 
he allowed if the | 
30 days since 
fabrication is performed at a 
of 1 ft 

The method of 
effect the 
thorium irradiation if it ij 


ut 5 7 it hour ecmiremot 
may 
product has aged 


only repurification and 


distance 
irradiation has no 
Th? . in 


assumed that 


on activity of 


not be returned to a 
reactor until after the Th*®™ activity 
has decayed at least 100-fold 


thorium will 
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Ake Manual 
Collection Procedures (105 
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eloy 


(her 
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rimati 


rum and thu 





INSTALLING MODERATOR CANS (those with open center tubes) and reflector cans in 11-ft dia core tank. Load- 
ing pattern is triangular; 31 fuel rods locate in center-tube channels. Extra channels provide flexibility in 
loading. Vent tubes extend above coolant level to permit escape of gases formed in graphite when irradiated 
Core of SRE consists of 119 cans containing graphite; 57 of them zirconium moderator cans with center 
tubes. Of 62 reflector cans, 29 are identical to moderator cans except no center tubes. Outer reflector region 
consists of 33 stainless-steel cans ranging in size from full to half hexagon 


Developing Zirconium Cans 
for SRE Moderator Graphite 


By JAMES A. LEPPARD 


Atomica International, Canoga Park, California 


5-FT STATIC HEAD 


STEADY STATE 
CENTER TUBE WALL 


/ 
, 


| 
¢| 
| 


PRINCIPAL PROBLEM encountered during development of 
first cans was thermal stress just after scram. As power 
is increased, center tube expands more rapidly than head 
and shell, and when reactor is scrammed, center tube con 
tracts more rapidly because of faster coolant flow 
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ONE OF FIRST CANS to be completed. Heads were cut 
from 100-mil plate. Large center tube was brake-formed 
from 35-mil flat stock, welded, swaged, and sized. Small 
tubes, upper right for evacuation and lower right for vent, 
were formed from flat stock on Yoder mill 
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APPLIED STRESS (10° psi) 






8 


Vol 





MODERATOR CAN is 10.8 in. across flats 
and 10 ft high with 2.8-in. dia (i.d.) center 3 
tube. Moderator is canned because ab- 
sorption of sodium coolant by porous 
graphite would decrease moderating abil- 
ity and structural integrity 


join panels is completely automatic. Inert- 
gas-shielded butt-welds were made at 
4 in./min without filler moterial using 
in. dia tungsten electrode 


WELDING MACHINE AND FIXTURE used to 5 


> 
oO 


rm 
o 


b aoO 
° 


~ 

















HEXAGONAL OUTER SHELL of can is made up of six panels formed 
from 35-mil unalloyed zirconium sheet by profile dies on power brake 
at room temperature. Panels are stress-relieved at 1,040" F for 15 
min after forming, and then are vapor blasted and dry-machined to 
tolerances. Scalloped corners form, with adjacent cans, channels 
for control, safety and neutron source rods 













ASSEMBLING GRAPHITE STRINGERS prior to pinning and fitting into 
can. Center tube and heads were manually welded in place using 
inert-gas-shielded tungsten arc. Despite considerable difference 
between thickness of panels and heads, joints were made without 
filler material. All welds were dye-checked and X-rayed 
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‘aeaeeet awe ee a Be a7 i2 COLLAR 
4 68610 2 46810 20 460 100 200 
RUPTURE TIME (HOURS) 80 } 
STRESS-TO-RUPTURE TEST of hafnium-free zirconium for various PROBLEM WAS SOLVED when stiffening 
loadings at 1,000" F. Longitudinal grain, 35-mil sheets were tested 9 collar of 100-mil stock | in. long was sub 
in helium atmosphere. Note that at 200 hr the sustained load is only stituted at top and bottom of center tube 
4,300 psi; hence tube-to-head joint repeatedly failed in can-head Additional flexure tests were without failure 


flexure tests 
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through 3,000 cycles 
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Fused-Fluoride Processing 
of Spent Uranium Fuel 


Fused fluorides can remove all but trace of plutonium 


and 95—100% of fission products (except Ru) from molten uranium. 


Decontamination is less than that obtainable with aqueous processing 


but would be sufficient for fast breeders 


By ARCHIE G. BUYERS 
North A 


Canoga Park, California 


Atomica International 


PYROPROCESSING OF IRRADIATED UI 


NIUM FUEIS (/) for removing plutoniul 
and fission products includes such proc 
molten-uranit 


esses as molten-salt 


fuel equilibration, refractory-oxid 
molten-metal contacting, liquid-meta 
and direct di 


uranium-fuel studies 


tillation of contaminants from melted 
fuels. 
The 


equilibration 


molten-salt-molten-uranium 


proc particular! i 
UF, serub, may be mo iseful for fast 
breeder reactor 1 those with larg 
plutonium concentrations in the 


and blanket The fluorids 
suitable for use on a continuous ba 


prow’ 
to limit the core plutonium concentra 
tions to that demanded for optimu 


reactor operation Investigation 
this system are reported her 
Uranium-metal fuel-rod fragment 


irradiated in the X-10 reactor at Oal 
Ridge to ~95 gm Pu per ton of U and 
cooled for 244 yr were chosen for thes 


studies. Fragment melted at 


were 
nee 


1,573° K with UF,, calcium and lithium 


fluorides and mixtures of these salt 


Experimental Procedure 


The experimental teps in luce 


1. Degassing graphite crucibles 
2. Prefusing salts and 
3. Equilibrating salt 

1,573° K 
4, Separating and di 
5. Radiochemical analysi 
Degassing. Th: 
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alt mixture 
ind meta if 


grapl ite 


can Aviation, Ine 


were degassed by heating inductively 


to 1,573° K under a reduced helium 


itmosphere, evacuating the tem to 


better than 1 micron, and repeating 


intil no major pressure rise is noted 
upon reheating the crucibl 
After cooling the 


or salts 


Prefusing. 


veighed salt were introduced 


and the ystem was 
Nearly an 


purified by passing over ura 


into the crucible 


evacuated atmo phere ol 
helum 
nium turnings heated to 873° K, wa 


let into the | 


system and the salt fused 
The 
jaced in a fresh graphite crucible with 
fuel 


eaned with acid 


nto a@ compact mass melt wa 


uranium lragment previous 


dried and weighed 
The tem Wu 


0.07 micron, and 


Equilibration. 
icuated to 0.01 
helium near! 


purified gas let in to 


itmospheric pressure Che crucible 
mtents were rapidly melted at 1,573 

0° K and held at this temperature 
for bo hr 


After the 


the crucible was re 


Phase separation. 
had 
moved from the inner quartz tube and 


Salt 


tem cooled 


iwed apart and metal were 
eparated in a steel mortar and pestle 
Vinal salt traces were ed from 


with a 6N-HNO 


mixture Phis 


remoy 
the ingot surtace 
iturated H,BO 

Vis vdded to the 


from the separated salt that had been 


wash 
solution prepared 


lissolved in a similar acid mixture 


distillation of the 
luded in the metal ingot 


uum final ult 


race ine 


than the wash- 


remaining 


s effective 
ing The 
was dissolved in acid 

‘I he 
fusion tube and crucible fragments were 
leached with hot HNO;-H;BO, fol 


lowed by boiling water 


acid- mix 
uranium metal 


inner surfaces of the quartz 


These liquids 


were also added to the salt-phase 
olution 

All solutions were diluted or concen 
trated to as small a 


tent with solubility 


volume as con 


considerations 


Radiochemical analysis. A contro! 


ution made up trom a cleaned un 


yrocessed uranium fragment and solu 


tions prepared from the separated melt 


nase were transported irom the 


d box to another box de 


signed 


pecifically for plutonium analyse 


analyses vere carried out 


Lal 


modified to in 


Plutonium 


ising the copres 


ipitation proc 
lude 

Laks precipitation and no 
Dilutions of the 
prepared from melt 


edtoar idiot hemica! 


lure only on 
hydroxid 
metathesis solutions 
compo 
were remo 
cal laboratory for fission-product 
Mechanical separation of the salt and 
netal using the steel mortar and pestl 

ot remove salt products ftrozen 
fissures in the metal because the 
| ibout the Ame 


erature In several 


phases meit at 
experiments 


iter portion of the uranium residue 


dissolved fe inalyses separate 


" 
those carried out upon the inner 
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TABLE | 


rlure composition 

ole fractions 
Cal Lil 

OO) 

OOU 

OO) 

OOO 

O00 

17 

hh 

QO 


was 30 min; melt 
mole-fraction ratio of 
6 Pu 


573 


onstant for reaction 


keal /equiv. at I 


Fused Fluoride and Uranium Fuel Equilibration Results at 1,573° K* 


Pu activity 


oO pP / 


4 in separate phase x10 


Outer I Inner Il Salt 
12.34 
16. 64 
18 OO 
24.21 
23.70 
15.83 
16.14 
16 


were contained in graphit« 
Pu in the salt to Pu in anal 


zed metal 


MUFs«=— 16 Pul + gl 


K for the reaction under ?! 


(the analyzed 


a / he 


metal wa 





metal solution in an attempt 
these last salt 


This procedure found 


removal of 
was 
but required solution of at 
third of the processed ura 
ot 

three-cycle equilibration — of 
iranium with a UF,-CaF.-Lil 
The 
lure for this experiment was simi 
that used in the 
that 


| uranium metal from the first 


ture wa carried out 
foregoing investi- 


ept the mechanically 


ished with acid and placed 

with fresh salt 
A similar 

the third cyele 


ition ol 


rucibl and 


operation con 
ingle contacting runs 


d out with cold natural ura 
vr equilibration of metal and the 
Lik’ m 


on the 


xture Uranium analyses 


alt phase (4) 


Results and Discussion 


studi 
an effectiv e@ eY 
There 


as to whether 


minary tracer-activity 


vn Ul , to be 
or plutonium (4) 
question, however 
ra- or trivalent uranium fluoride 
the tive oxidant 
soth 


a melt con 


Plutonium-uranium equilibria. 
| nd UF; can exist in 
the tetrafluoride and uranium 


ording to the equilibrium 


| f | ce reported to decompose 
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contained in 


thie 


one 


More 


has been reported to dispropor 


above 1,273° K (6 recently 
Uk 
tionate at all temperatures from 973° K 
the rate of production of UF, increasing 
with temperature (7). Other investi 


vators studying UF ;-bearing systems 
report the presence of large amounts of 
| F, (7) It is also re ported that Ul 
dot _ 


below | 523 kK 4 


Inconel not dispro 
portionate 


Thus the extraction of plutomum us 


FIG. 1. Plutonium distribution between 
salt and metal as function of UF,/U 
mole ratio 


trifluoride mig be re 
of the 


presented hy 


quation 


sumed 
the 


ride and uranium metal are a 
pure and therefore at unit activity 


equilibrium constant is 
K, 


where dpyey, and dp, are the thermo 


dynamic activiti ol 


fluoride 


equilibrium constant for | 7 1 ie 


Opus My )?*4 
kK, 
Upy ey iy 


The fluorice 
hould have a effect 


plutonium tri 


and plutonium metal The 


uranium metal-to ratio 


mall upon the 
calculated equilibrium constant 
Equation h 


the 


hould in any Chee ip 
proximate constant 


If we 


equilibrium 


assume ideal solution wherein the 


thermodynamic activit solute 


the 


equals 


concentration or mol fraction 


equilibrium constant is given by 


K, , V; 


vhere fraction 


ind Pu in the 


Vor, and V; ire mok 
of PuF in the salt pha ‘ 
uranium phase 
Equilibrium constant were calcu 
lated for all experiments in which a 
completely salt-free uranium ingot was 
Table 1 show in a 
calculated K, of 4.8. Pseudo 
fractions were obtained by dividing the 


the 


obtained erage 


mole 


Pu*®® a-disintegration rate of 
the total n 
Pu 


energie given if 


87 


ana 


lyzed material b eof the 


ole 
phase containing the 
The res 


standard 








TABLE 2—-Free Energies of Forma 
tion of Fluoride Salts (at 1,500° K 


\/ orn 


keal/equi 


116 
115 
11h 
i 
112 
Iii 
1Ou 
100 
1O5 
10) 
") 
Mi 
a tal 
ba bE 


1 





Table | for Mag. 2 wer 
AF’ 7 
From these data it ipp 


standard free energy o 
representing plutonium 

5 keal at about 1,575 

Also tabulated in Tab 
plutonium decontamination data 
pressed as 100 times the radioactivit 
measured in a given phase after equ 
libration divided by the activity intro 


duced into the experiment hese 
data reveal that equilibration of UI 
metal if 


and = irradiated uranium 


1,573° K for 30 
movement of all but 


min results in the 
a negligible tr ( 
flucorich 
implify data 


of plutonium into th phase 

Data correlation. ‘To 
correlation and interpretation, it 
assumed the active plutonium oxidant 
in the equilibration salt is UJ 

A series of U-UPF, equilibrations at 
1,573° K 
range ol 


was carried out to define a 
sult to-l ratio that 


permit optimum plutonium extr 


hot 


Figure 1 shows that, as the mole rati« 
UF,/U 


nium 


increases, the amount of plute 


in the salt phase 


rapidly ap 


proaches suturation Obviou fur 
ther increases in this mole ratio 
not advantageou 

The curves plotte dinl 


culated from 
Uk, 

Mole ratio ( 
| , 


which is developed from the 


constant for iq. 2 


F, iv, f 


moles { J 


vhere F pvp, is the fraction of plutomun 
riginally present in the spent fuel that 
« found in the salt after equilibration 
ind Fy is the fraction in the equilibrated 
uranium phase. Cis a constant of pro 


portionality In these calculations the 


FIG. 2. Plutonium distribution as func- 
tion of mole fraction UF, mixtures of 
calcium, lithium, and uranium fluorides 


iverage experimental equilibrium con 
tant, 4.8, was substituted for A 
Che study 
other 
ilts to mix with UF, for equilibration 


was extended to include 


suitable fluorides In choosing 


with uranium, an effort was made to 
elect those fluorides that might them 
elves act as extractants by distillation 
of the metal that had been the 
ition It is 


salt 


fluoride 


entirely probable that 


luring a uranium fusion at 


73° K, uranium reduces the salt 


ation to form eq ulibrium concentra 


tions of uranium, plutonium, and fis 


sion-product fluorides. This can occur 
vhen the metals formed by reduction 
ire volatile 

fluo- 
rides are tabulated with their free ener 
gies of formation at 1,500° K in Table 2 


Phe two 


The mors important inorganic: 


most promising salts were 


lithium and calcium fluorides. The 
melting point of calcium fluoride was 
tures of the two salts 
Accord 
mixtures of calcium, lithium and 
fluorides 
’ 


equilibrated with cleaned uranium at 


too high, but mix 


were relatively low-melting. 
ingly 
uranium were prefused and 
1,573° K for ly he 

The distribution 


rized in Tabk | In 


data are summa 


most instances 
inner and outer metal phases were sepa 
rated by solution of the outer ingot sur 
in nitric acid to ensure complete 
indicates that 


fluoride min 


alt removal Table | 
regardless of fluoride or 
used plutonium removal into the salt 


phase was appreciable but not quite 


complete In the three-eyel 


experi 
ment, the plutonium remaining in the 


clean uranium residue after the third 
equilibration with salt was negligibl 
In Fig. 2, experimental plutonium 
mole-fraction ratios from Table | are 
plotted as a function of the mole fra: 
UF, in the salt 
ilculated from the 


constant 4.8 and 


tion ol scrub The 
broken curve was ¢ 
equilibrium 


LtVCTuge 


the equation 
N pap, / Nw A 


The thermodynamic activity o 
nium metal is taken as unity 


no UF, 


small 


In cases where was added to 
the alt 


uranium and plutonium fluorides were 


mixture amounts ol 


formed either by distilling calcium or 
lithium metal after reduction from the 
impurities in. the 


from 


Uranium analyses 





TABLE 3. Fission-Product Distribution at 1,573° K with Fluoride U Equilibration 


position 


Vole 


fra 


Salt Met 


nmeact phase 
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ude upon duplicate cold experi- 
letermine the UF, concentra- 
data 


were 


Plutonium-extraction ob- 


n these instances not so 
ible to decontamination as with 
n the melt 

lata for the three-cvcle exper- 
though shown in Fig. 2 


wled in the 


are not 
curve interpretation 
experimental procedure dif- 
the one-cycle investigation 
re was no metal-phase analy- 
the third 


Pu-mole-fraction 


the completion of 
The Pul 
iring in Table | and Fig 
ited by 


2 
issuming that plu- 
ot in the 


sait was present in 


residue and in the subse 
This was not necessarily 
sel metal was not 


salt 


the proce 


] 


cleaned of between 


ismuch as it was desired to 
imum amount of uranium 
oretical plutonium extraction 
ride mixture containing UF, is 
red important from an engineer- 
Ipoint The curves plotted in 
ere calculated from the average 
ental equilibrium constant, 4.8 


pression 


moles salt 
A - 


(12) 


ised on aq. 2 ind the equilib 


FIG. 3. Plutonium extraction as func- 
tion of mole fraction UF, and fluoride 
netal mole ratio 
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the Pu and fission-product concentra- 
tions were very smal! 

It is possible to predict from Fig. 3 
the plutonium extraction by a given 
melt of known mole fraction UF, 

Fission-product distribution. Thi 
fission-product distribution was meas 
ured by radiochemical analysis (3) of 
diluted uranium and salt solutions pre 
pared from phases separated after equi 
libration Data obtained from exper 


ments in which the melt components 
and the 


removed 


were separated mechanically 


ingot outer surtace was not 


and separately analyzed are 
rized in Table 3 
Not all the « 


and discussed 


summa 
xperiments tabulated 
n the foregoing pluto 
nium section were evaluated for fission 


product distribution It was decided 
that percentages determined by three 
{ F, experiments were 


Distribution 


representative 
values reported for salt 
tabulated for 


phases are low and those 


the metal phases are high as a result of 
salt traces that were included in or at 
tached to the outer uranium ingot sur 
Despite this fact the data 


reasonably effective uranium de- 


faces 
show 
rare earths 


contamination of cerium 


strontium and cesium. Tellurium and 

ruthenium do not move appreciably 

into the salt scrub 
Examination of Cak-LiF equilibra 


tion data reveal less effective cerium 


rare-earth, strontium and cesium de 
little or no 


Tellu 


is apparently 


contamination and again 
ruthenium present in the salt 
rium decontamination 
greater than that achieved with UF, 
As the tellurium removal probably was 
the result of distillation of the 
these 


Inte rpre tation of these 


metal 


variation of ilues 1s not unex 
data 


factor 


pected 
requires cognizance of the same 
that existed in the UF, data, ie., the 
of salt traces in the surface of 


The effect 


existence 
the outer uranium re 
of these traces more pro 
nounced on the pre data as the 
points of the CaF.-Lil 


prot ! 
melting mix 


tures were much closer than the melting 
point of UF, to that of uranium metal 

equilibra 
it least the 


third of the processed 


Uranium-fused fluoride 


tions at 1,573° K in which 


outer om ura 


nium ingot was dissolved in acid and 


analyzed separately from both salt and 


solution ine ummarized in 
This table shows 
distribution is 


favorable to «cs 


metal 
Table 4 
product 


that fission 


much more 


ontamination than 


indicated 


previous experiment 





TABLE 4—Fission-Product Distribu- 
tion in Fused Fluorides and U* 


* After equilibration at 1,573° K, salt 
ind metal were mechanically separated 
outer portion of uranium ingot dissolved 
measured it 


in acid, and fission products 


ult, outer U and inner t 





correlate the 
data by 


It is 


fission-product 


not possible to 
extraction 
means of equilibrium constants, Ap 


parently the direct equilibrium, such as 
(14) 


was disturbed by some competing rea 
Very probably oxide in the sys 
the Plu 


tonium correlation is possible because 


tion 


tem caused disturbance 
oxide has little effect on the plutonium 


distribution (10) 
> > * 

The autho 
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FIG. 1. Reflectors reduce critical 
mass of Oy(93.5) spheres 
shows amount of U 
mass of density 18.8 gm/cm’ as 
function of reflector thickness 


Graph 
in © critical 


Reflector thickness 
*+I\in 
© 2 in, 
4 4in. 
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Transport Cross Section (cm) 


FIG. 2. 
with reflector macroscopic transport 
cross section, 


Critical mass decreases 
Data are in table 


CRITICAL-MASS information 
that presents dl recently b 
provides the data needee 
answers to question 

under many condition 
mediate surroundings are 
trolled, it is 


factors to thes 


straightfiorw 
salety 
Thus one can irrive 
can be trusted to pre 
accidents if the rub 
implemented 

In the general cass 
variety of technique 
ented, it is frequent 
fine a completely approp 
ditions, Over-all reg 
to beeome oO cumberse 
easily misapplied 
deemed safe under 
may involve large mi 
the consequences of 
nonnuclear accident 
hand, blind observances 
lead to unnecessat 
in the design of large 
\ proper understan 
data will alleviate 
situations like the 

The following mater 
of data on critica 


fissionable metal 
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Critical Masses of 
Oralloy Assemblies 


Nuclear-safety data from critical experiments tell 


the effects of reflection, shape, density, concentra- 


tion, and dilution on enriched-U configuration. 


One can also draw some conclusions concerning 


Pu and U*”’ 


By GLEN A. GRAVES and H. C. PAXTON 


Lo llamos Scientific Laborato 
Lo 1/amo Vew Mexico 

form that emphasize the influence o 
commonly of 


question All of the 


onditions concern iD 
iuclear-salet 
lata are empirical. Each point on the 
irves and each entry in the tables rep 
resent one or more measurement In 
ome cases a little theory has been used 
on the data before presentation The 
most significant example is the deduc 
tion of effective transport cross section 
from a tremendous number of measure 
ments on reactivity contributions at 
ermblies 


rious radi in eritical a 


The bulk of our data are derived 


© Thick water reflector (~ 12") 
© Thick poroffin refiector (~8") 
» Thick graphite reflector (~17") 


he2 nes eS" da" de3° 
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FIG. 3. Changes of shape have small 
effect on critical mass. Amount of U 
in critical-mass cylinder of Oy(93.5) is 
shown as function of ratio of height to 
diameter for several reflectors 


vith orallo 

refers to 

metal in ch the { 

inced so that it constitutes 93.5‘ 

the material.* There are LisO 
ough data for plutonium and I 

tions 


establish ome general rel 


ibout their criticality relative to ura 
ithh 
Phe specific information that we pre 
ent includes the influences exerted on 
ritical mass by arious reflectors 
hape of fissionable material, variations 
n U**® concentration, variations in 


iaterial density and dilution i) 


rrapl te and hydrogenous materia 


Reflectors 


Reflectors are of general concern in 
iclear safet They can be intro 
luced either intentionally, to increase 
riticality or improve the uraniut 
omy of a reactor, or incidental! 

s they occur in the production of met 
ind the processing of fuels. Examples 
ging to one or both categories ar 
graphite, beryllium, light and hea 


vater, oxide refractories, molten salts 
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e of critical mass on reflec- 

is illustrated in Fig. | 
difference between the 
curves for H.O and D,O 
yurse, the small capture 
on of deuterium relative to 
In general, the critfeal 
bare isolated sphere of 
metal, 48 kg U? would be 
19-23 kg by a thick reflector 
iny common material, such 
Cu, HO, ete. Reflectors 
to be exceptionally effective 
Be, D.O, graphite in large thick- 

U, W, and WC 

Where direct information is unavail- 
the relative effectiveness of a 
ron reflector can be judged by 
g its macroscopic transport 
on with those of materials of 
reflection efficiencies are 
rhe table lists critical masses 
ird thicknesses of various re- 
ilong with the transport cross 
is deduced from measurements 
il effectiveness in critical 
For modest thicknesses 
il mass decreases nearly 
ith increasing macroscopi 
rt cross section. This is shown 
2, which presents the data of 


below graphically 


ritical mass of enriched uranium 


metal is insensitive to minor changes of 
shape For example it can be seen in 
Fig. 3 that the critical mass of an Oy 
cylinder with a thick graphite, water 
or paraffin reflector changes only 20% 
as the ratio of height to diameter 
As reflector effec- 


tiveness is decreased, critical mass be 


ranges from 4, to 2 


comes somewhat more dependent on 
shape, as shown by Fig. 4 

Limiting critical dimensions of 
Oy(93.5) metal cylinders have been 
obtained by R. E. Gwin at Oak Ridge 
from guided extrapolations of the data 
in Figs. 3 and 4 rhe results are 


Infinite 


rod plate 


Infinite 
Reflector liameter thicknes 
None 1 9 in 2.4m 
Thick water 2.9 0 75 
Thick graphite or | 2.3 0.5 


These dimensions are considered princi 
pally suitable for orientation, and are 
less useful than the corresponding ones 
for solutions (1), which have direct ap 


plicability to processing plants 


U**® Concentration 


The critical mass of oralloy metal as 
a function of average | concentra 
tion has been determined for nearly 
spherical oralloy in a thick reflector of 
natural uranium and for a series of un 
reflected oralloy cylinders The latter 
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FIG. 4. Sensitivity of critical moss 
to shape increases with decrease of 
reflector thickness as shown by these 
data on critical-mass cylinders of 
Oy/(93.5) in natural U reflectors 
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FIG. 5. These data show concen 
trations of U*** in oralloy required 
to make spheres critical 
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FIG. 6. Critical mass is propor 
tional to Oy density when 
Oy(93.5) spheres are reflected by 
normal-density natural uranium 
Relation computed for bare spheres 
is shown as broken line 
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data, in conjunction with Figs. 3 and 


1 or by conversion through buckling 


ield the critical ma 


When pre 
both set 


calculations, can 


of bare sphere ented to 
apply to spheres of data, for 


concentrations 20%, are 


critical ma 


igure 5 shows the twe 

includes data in the 

tration range that come indirectly fron 
exponential-column measurement 
The shaded region represents the esti 


mated uncertainty in the limiting 


concentration, below which an infinite 


masse of oralloy cannot be critix 


Oralloy Density 


tem is pro 


The radius of a critical 
portional to the mean free path for nu 


clear processes hor example 
decreases the density of a fi 
material causing an increase 
mean free path, he will have to iners 

the physical dimensions in the same 
maintain interaction 


rutio to proba 


bilities. For a bare core and a fixed 


concentration of | in orallo t} 


vields the relation 
* critical ma 


Critical masse 


spheres for various average densities 
of oralloy have been measured in thick 
reflectors of normal uranium at normal! 


The diluent w ult Che 
resulting relation of the 


density 


Vig. 6 form 


U*** critical ma densit 


For oralloy in thick normal uranium 


where the density ther can 


it follows that 


{! critical ma 
x (Oy densit 


Dilution of Oralloy 
Water is the oralloy 
likely to be of concern in 
questions, though many common 
drogenous materials can be expecte 
have similar nuclear properti« 
Water. Criticalit mea 
made on uniform! 
Oy (93.5) 


showed 


paced 
cubes lmmersed 
that for each cube 
occur it a lace 


critical mass 


spacing of about °, in, between orallo 
The dependence of the 


water mixtures on the 


units critica 
mass of Oy(93.5) 


size of oralloy unit hown in | 
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FIG. 7. Variation of critical mass of 
water-flooded lattices of Oy(93.5) 
rods or cubes with unit size; all data 
at optimum spacings 


Che dashed portion of that curve im 
plies lack of detailed knowledge; one 
knows that H,O in small units is less 
effective 
()y(93.5) in the solid sphere 
fore the 


than a similar quantity of 
and there 
effect of small dilutions must 
be to increase the critical mass.) The 
results in Fig. 7 underline the need for 
precautions against flooding accumula 
tions of oralloy machine turnings, loos 
coils of wire, or similar pseudolattic« 
of thin oralloy with either water or oil 
Graphite. The case of Oy(93.5 
graphite mixtures can be of interest as 
a prototype of a multiple casting in a 
Figure 8 gives critical 
1044-in 


diameter oralloy metal plates separated 


graphite mold 
masses Of various stacks of 
by graphite and surrounded by a 2-in 
It is seen that for 
Oy plates in 0.315-in., 0.630-in 
0.945-in. thicknesses the 
effect of the graphite is outweighed by 


graphite reflector 
and 


moderating 


the decrease in oralloy density when 
one introduces graphit« 
Naturally this 


for much thinner 


separators 


does not remain true 


oralloy since om 


vould expect a behavior at large graph 


2° graphite retiector 
a 


Oy (93.5) metal piotes 
© O.315" thick 
2 0.630" thick 


4 0,945" thick 
7% 

s 

s 
Thick U refiector- “S 
small uniform graphite *, 
dilution > 


u255 in Criticol Mess (kg) 





10 ro 5 4 ‘er 
Ou 0.2 04 O68 OB 
Oy Volume Fraction in Core 





FIG. 8. Critical mass increases as Oy 
plates of 10!4-in. diameter are sepa- 
rated by graphite disks. Data ob- 
tained from cylinders have been reduced 
to spherical equivalents 


ite dilutions somewhat similar to that 
shown for water in Fig. 7. 

The dashed line of Fig. 8 is deduced 
from measurements of the relative ef- 
fectiveness of graphite and oralloy at 

irious positions inside a fast-neutron 
assembly surrounded with a 
reflector 


is valid only for pre- 


critical 
thick This curve 


hh the 


uranium 
strict sense 
licting the critical mass resulting from 
i small dilution by dispersed graphite 
Data for similar computations exist for 


t large number of elements (2 


Pu’’” and U**? 


Critical masses of plutonium metal 


it a density of 15.6 gm/em*) and 
Oy(93.5) have been compared for bare 
In all these 
ses the plutonium critical mass is 
Not only 

this ratio confirmed by effectiveness 
measurements in fast critical 
lies, but it is further deduced that the 


ritical masses of plutonium and U 


ind also reflected spheres 


roughly 44 that of oralloy. 


A8s8C In 


at a density of 18.5 gm/cm*) will be 
nearly identical 

Additional comments about unmod- 
erated Pu and U 
© Th 


systems are 


relation, critical mass « (den- 


sity stated before for bare oralloy 


133 


applies also to bare Pu or [ metal 


e The ratio of the critical mass of a 
plutonium metal cylinder (height/diam 
eter ().4) in a thick uranium reflector 
to that of a sphere in the same reflector 
was observed to be identical to the cor- 
responding ratio for Oy(93.5) 


metal to less 


, 


© Pu?” present in Pu’ 
than ~10% increases the critical mass 
Measurements in fast critical 
that the net fission 


slightly 
issemblies indicate 
production per atom of Pu* is about 
‘6 that of Pu? 

For lack of detailed 
tion, then, critical masses of plutonium 
and U 


» values down- 


more informa 


p 15.6 gm/em metal are 
timated by scaling | 

ird by a factor of 0.35 In nuclear- 
ilety considerations the resulting 
incertainties should be covered by 


generous satiety margins 


* * * 


ented here have been previously 
authors in LA-19658, which 
41-1958 (Deleted), which 


{ data pre 
wled by the 
sified, and | 
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Neutron-detecting spark counter 


FIG. 2 


Multiple-wire anode for spark counter 


BF, Neutron Spark Counter 


A BF.-filled spark counter is sensitive to neutrons yet insensitive to gammas. 


Cadmium shielding plus paraffin moderation make it useful for fast-neutrons too 


By MARTIN JAY SWETNICK* and NICHOLAS G. ANTON 


Klectronic 


Laboratories 


ROSENBLUM spark counter (/ 
I i Bl 


i slow-neutron detection effi 


at mosphere we have 


f 0.6%, and the system is com- 


nsensitive to Co radiation at 
external circuitry required 


| toa high-voltage supply and 


Sensitivity 
Detection efficiency is proportional 
the probability of slow-neutron cap- 
B'° and the probability of alpha 
or lithium recoils from the 
a)Li? reaction reaching the sensi 
rona region of the electrode as 
Sensitivity is not a function 
The 


olume of the spark counter 


total volume of BF; gas 


Physics Department 


Maryland, 


ENT ADDRESS 
erait of 


Brook lyn 


College 





Slow-Neutron Response 
Vo cadm Cadmium 

cpm (epm 
10 0 

30 0 

62 0 

SO) 0 

115 4 
200 s 
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Vew Yor 


extends only to the alpha-particle 


range. Our sensitivity is decreased by 


shielding of additional gas since the 


anode-wall distance is greater than the 
alpha range 
The 


counter can be con 


slow-neutron-sensitive spark 
erted into a fast- 
neutron-sensit! park counter by en- 
casing the detector in a paraffin shield 
to moderate fast neutrons and covering 
the exposed surface of the paraffin with 

9 


a «@ 


mm cadmium sheet to absorb ine 


dent slow neutrons 


Counter Construction 


Our counter enclosed in an au 
tight stainless-steel cylinder filled with 
BF, to 45 em Hg The 
boron in the gas is 96% enriched in 


'°, The electrode 


of a smooth-surfaced 


Figs. | and 2) 


assembly consists 
stainless-steel 


) 


cathode plate 2 in. wide and 3 in. long 
of five parallel 
stee! The 


from the 


and an anode array 
0.005-in 


wires are in 


stainles wires 


it plane 1 mm 
cathode surface and parallel to it. 
upply 
we use a two-resistor 


Between power and counter 
series combina- 
tion to attenuate output pulses from 
200 volts at the 
volts \ 


couples the pulse to 


the ~ anode to 


5O0-uuf condenser 


a scaler 


row — i) 


Slow-Neutron Response 


The detector 
flux of slow 


is exposed to a con 


stant neutrons from 


10-1 


lium neutron soures 


paraflin-encased radium-beryl 
to determine its 
response as a function of applied volt 
it Runs were made at 50-volt inter- 
als between 2,000 and 2,300 volts with 
ind without cadmium shields about the 
detector Although the 


were observed to increase with applied 


pulse heights 
voltage, all pulses had identical shapes 
and magnitudes at any one 
The results of the 
ments are presented in the tabl In 


operating 
voltage measure 
the absence of neutrons, counting rate 


was zero over the entire voltage range 


we studied 


Gamma Response 
With slow 


gamma radiation re 


neutron source removed 
ponse ol the deter 

tor was checked by placing a | me Co™ 
needle source in contact with the outer 
wall of the counter cylinder The in 
tensity of the gamma radiation at the 
trode assem 


> HOO r/he 


sensitive region of the ele« 
bly was computed to be 
The counter was found to be completely 


insensitive to this intense gamma 


radiation 
> > > 


e work waa supported i 


u of Shipa and the AE¢ 
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FIG. 1. Single-wire counter has wire stretched in FIG, 2. Circuit used for counting spark pulses has condenser 
front of metal plate. Sliding handle in frame ad- pulse divider. Sum of R; and R, (=R) determines quiescent 


justs separation characteristics 


Operating Characteristics 
of the Spark Counter 


This highly specific instrument is sensitive only to alphas. 
With a boron plate it gives 1 count for 180 neutrons/cm 


but < 1 count/hr in a gamma field of 1 roentgen/sec 


By N. K. SAHA and NARENDRA NATH 
Department of 1’) ( l f Dethi, Dethi, India 


ALPHA PARTICLES have low penetrating ind modified the spark counter and ounting rate with increasing applied 
power and ionize densely lo detect tudied its operation (3-7 A stand oltage, while Payne has observed a 
them, therefore, one should have a ird form has not yet emerged, however nearly constant rate Similar 


instrument with a thin window or ne ind the mechanism j till obscure in tainties exist as to whether the pulse 


and this instrument many respect ize increases or decreases with applied 


uncel 


window at all 


should be sensitive to dense ionizatior Conflicting reports have appeared re itage, whether a positive tempera 


and insensitive to the lighter ionizatior irding some of the counter proper ture effe 
of beta and gamma ra Che Roser tie Connor has observed a decreasing have developed 
blum spark counter meets both of the 
eriteria It consists of a wire or a 
tem of wires parallel to a metal plat 
and maintained at such a potential that 


the ionization produced by an alpha 





particle initiates a spark 
tween the plate and the 
An efficient neutron detector 








by placing a thin layer of | 

of the wires and detecting the alpha 

that result from the B'’(n,a@) Li’ reaction 
Following the original idea of Grein 





Pere - Chang and me 7 blum (2 gh ee - n 
designed a satistactor ilpha counter ; Applied Voltage (ky) 
that uses the breakdown between a flat 

metal cathode and a fine re 





inode 


hed 1.5 FIG. 3. Counting characteristics (a, b, c) show hump where quiescent current (d) 
stretched 1.5 mm in front of the cat starts. With increasing source collimation slope decreases (a to b to c) as 
ode, Other workers have nprove oblique rays fail to reach sensitive volume 
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iltiple-wire counters and = studied 


their detection of alpha particles and 
eutrons. A mechanism has been de- 
yped that successfully explains the 


inting 


quiescent-current character- 
t the number-vs-distance curve for 

ilpha source, and our observed tem- 
erature Some 


dependence appar- 


contradictory observations of 


vorkers are satisfactorily ac- 


earlier 


nted tor 


Single-Wire Counter 


Che form of our single-wire counter 
wn in Fig, | A slightly oxidized 
plate 

tuds rest on the base of a Lucite frame. 
, 0.l-mm stretched 
er the studs and held tight by screws 


ind two rectangular Lucite 


tungsten wire 1s 


oth ends. The plate and the studs 

re curately machined to ensure uni 
eparation 1.2 mm) between 

re and plate. The plate can be 
ed by pushing the handle attached 

to it in and out. The handle can be 


ed at al 


y position by the spring-and- 


( irrangement 
\ "> ti { 
to the 


of 2-5 kv 
The 


a pulse-quenching 


voltage Is ap- 


wire cathode is 
led through 

ind a small part of the positive 

e at the taken to a 
Marconi TF 922 scaler for final count 


Figure 2 


cathode is 
shows the circuit ar- 


ement used for registering the 


ber of sparking events 


Neutron Detection 


Save was the first to use a modi 
rm of the Rosenblum counter for 
ng slow-neutron 


Nearly 


dey eloped an 


doses and 


ontamimnations simul 
Connor 5 
onitor using 4& multiple wire 


i metal plate To 


front of 


R=.4.2 Meg 
300}- ‘ 





100F 


Quiescent Corone Current( uo) 
n 
8 























develop this technique for efficient neu 


tron detection and study of n.@w rea 


tions, we undertook construction of a 
suitable spark counter. Our early ex 
perience indicates that we can detect 
neutrons with some confidence and re 


producibility even with as weak a 


source as 100 mg of radium-beryllium 
that is, ~107 ny se 
We designed a 
in front of a 4 
plate At first there 
culty getting all wires to work together 
but by 


stem with 15 wires 
l-cm flat 
sOoTRe diffi 


brass 
Wiis 
narrow 


minor adjustments a 


found in which all 
The 


greatly en- 


voltage region wa 


the wires worked satisfactorily 


counting efhiciency was 
hanced by using many wires 


Alpha particle 


reaction from 4@ very 


released by the n,a 
thin layer of pow- 
dered boron placed close in front of the 
counter wires were used to detect neu 


The whole 


the neutron source was placed inside a 


trons issembly including 
paraffin block of 10-em wall thickness 
With the 100-mg Ra-Be 
line perpendicular to the plate, 7 + | 
When the 
background 


cpm was observed boron 


layer was removed, no 
counting was observed over a period of 
about an hour, even in the presence of 
the intense gamma rays (™1 r/hr) 
In our geometry one 


ighly 


from the source 

observed pulse rot corresponds to 
em?/sec in the 
that 


ement in the efficiency 


the passage of 20 n 


counter area It seems, however 
a further impro 
of neutron counting is possible by im 
proving the counter design and using 
a boron-coated cathode Work is in 
progress in this direction 


Counting Mechanism 


Our mechanism for the counting ae 


tion can le lescrilh terms of the 








i. 





spark-counter arrangement ol hig - 


\ strong electric 


the wire anode and the plate cathode 
separated by a distance of the order of 


| mm in atmospheri 


sence of any 


passing between the electrodes and for 


it sufficiently 


quiescent corona 


with increased field is 
indicates the presence of a fairly dense 
SPC O4 harge sheath 
distance from the wire in the 
Most of the properties 


of the plate 


of the spark counter seem to depend 
largely on the behavior of this space 


charge sheath under 


This is 


stances. 


not exist in 


current 
There is an 


R, + Ry 


and a corresponding drop R/ when a 
corona current J flows 


potential drop between the electrodes 


is therefore 


V ont 


where V, is the applied potential It 
is therefore clear that the effective elec 


tric field between the electrodes 


determines the 


partly dependent on the external resis 
tor As the applied 
the corona current / also changes 


therefore Vig ma 
same way as V, 


SUppore 


allowed to pass between wire and plate 
On account of the 


in the neighborhood of the wire 


tron avalanche 
ime region 


producing @ spark 







Re~42 Meg 


strongly ionizing partie le 


strong 


current 


lorming 


a situation that does 
the G 


there is practically no quiescent corona 


external re 


in series with the electrodes, 


counting 


not change in the 
an ionizing particle is 


trong electri 


But thi 


breakdown between 





, 





exists between 








ur In the ab 








electric field, a 
start mad 
~ 100 pa This 









direction 






circum 





Various 





counter, where 







istor R 







The 


eflective 







Rl 







which 





behavior, 18 





\ aned 





oltage is 
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in elec 






it once in the 





will succeed in 










LS 





‘ 






19.0 














30—tdCsiSC4OO 


FIG. 4. Plots of | vs V. for different values of external 
resistance R show that corona sheath obeys 
Vert Fa k(R)R| 
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FIG. 5. 
equation, 


changing V. 


When V.« is computed from Fig. 4, result indicates 
that for a critical value of R, V.w should be constant with 













95 


the electrodes only if the avalanche ilue of AR, an approximately linear 


characteristic exists 


that is, as 


sufficient to overcome the strong nega j 


lescent-current 


tive space charge present near the wire thin a certain range of j 


& 
ot the irk } 
Phe 


mined by 


This explains the immunit increases, J also increases linearly 
deter- 
both the value of R and the 
lanche than does a heavier i lynamic resistance of the space-charge 
ticle like the alpha parti: heath, On 

On the 


priori probability for an a 


counter to beta and wamma magnitude of J is, however 


which produce a much 


increasing # for a given 
therefore de- 


We 


further increase of j current J may 


iancne té crTrenunme nonlinearly with he mia" 


produce a spark breakdow: thus represent J as 


I k(R)\ 


Or a priori 


sensitivity, increases, cau 


irtich 
It may k(f) i 
increased heyond / V, characteristic 


tant 


creased number of alpha p fron 


here the constant sk pe ol the 
The quantity 


igiven Rk 


irlier relation, one get 


the source to be counted 
pen that when V, has 
the corona-s} kik 


tuting 


a certain limit 1 COD lor Sub 


effect, which also increases v = t In our ge 


Thi 


reduction in a priori 


also very high 


V1 — k(R)R 


the limited specific tor ) f sor rom this equation it follows that for 
ues of k(t) < 1/R, Vig 1] 
This will be true only 
ilues of FR. For 
of R, k(R) may « 
reduction in 4 
If the electrode 
R even 
The 


,aecreasing 


hnereuse 
lor cer 
on other 


( eed 


with 


hue 


iy i 
ig | 
ill, A(R) can exceed | 
alue of R 
effect will be 
ity 


with 


micing 


lor 


a 


of thi 


CONSE 


quence 


aecrensing 


and it 


> 


priori en 


rate increasing | 


inting 


Extrapolated 49° hor a given electrode pacing there } 


value FR 
which the counting rate will de 
N ise 


_ ‘ ‘ with . Further 
0 10 20 40 ' ) dns EE Oe 
Distonce of Source from Wire (cm) 


~ 


Shift therefore a critical resistor 


~ 
€ 
a 
~ 
we 
= 
° 
4 
o 
c 
4 
o 
> 
° 
o 
oO 
w 
3 
rc) 
€ 
. 
© 
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increasing | 


with vv elec 
pacing 

FIG. 6. Solid curves counts 

served at 20° C and 49° C 

source approaches 


curve is shifted version of 20 


ob | 
as Po 
Dotted 


are perimental results on counting and 


the 


curve for polonium 


juiescent-current characteristi 
counter " 
number-cdistance 


nna the 


curve 
temperature coefficient of 


and the 


ounting detection of neutron 


of the particles may not be sufficient t in be explained by the counter mecha 
the ind 


fail to produce i breakdow1 


m outlined 
onflicting results of 


iccounted for 


overcome pce charge may Some of the ipparently 


thereby earlier 


vorkers 
We can then expect a slight ilso be 
counting rate although J 

For a heavily ionizing parti Counting Characteristics 
the 
counting space depends some 
the the 


counter, Sparking breakdown re 


alpha specific ionization \ polonium source on a 1-cm-diame 


vhat upon 
the 


ter thin platinum disk was placed fas 
r the counter on a line normal to the 
its the 


rate 


distance of 


ouree irom 


quire | The variation of counting 


a critical concentration of ionization i 


The ul 
the source distance or the 


ith applied voltage was observed 


the sensitive space ition of igure 3 shows the result. It differs 


direction of what earlier workers have ob 


ed 


Che difference between our result 


incidence of the alpha particle may 36) 


therefore, cause a variation in the a ind 
Payne can be 


Alpha 


effect of R rom our extended polonium source en- 


priori sensitivity, giving the spark coun ose of Connor and 


ter strong directional properti: understood as follows rays 

Let us now examine the 
and V, on Veg and the counting rate of | terthe counterat many different angles 
It can be 


retical consideration that for a given _ tivity 


96 


the counter. een from theo Since with increase in V,, a priori sensi- 


gradually increases, some of the 


rays that could not produce 
at lower voltages 
This 
gives rise to the small positive slope of 
the 
the cdirec- 
will 
but the effect of 

ind that of the 


is explained previ 


breakdow a) 
ounted 


parning 


ire at higher voltages 


oul oupnting characteristic. If 
collimated 


the 


is highly 
tional effect 
tically 


increasing space charge 


ource 
on counting rate 


be pris absent 


ternal resistor 


| still remain These may re- 


jusly Wil 
ult in a positive, zero, or negative slope 
of the counting characteristic, depend- 
ing on the particular circumstances of 
the experiment 

to u the conditions 


It bppears that 


ind geometry of Connor's counting ar- 


rangement (4) were similar to ours ex 
pt that he used a smaller separation 
The latter 
strong space 


Also 


his cs 


the electrodes 


re pon pie tor a 


wher 


tor 


effect at h oltages 


the used in 
value F, for 


These two 


| 
ternal resi 


the 


ise 
exceed critical 
electrode 
might 


the 


spacl 
combine give a slow 
counting rate with in 
oltaue kixact 


vithout 


reasons can 


issigned Knowing the 
ob 


The 


Payne 


cent-current characteristics 
(connor ‘ 


tant rate 


xperiment 
ed by 


understood in 


obser 
lso be similar 


estigate the eflect of source 


on we observed counting chaz 
vith two different collimat 
1.4 


er the 


ind 0.6-mm diameters 
polonium 
It is clear 
it the slope ol 


SoOuUTCeE 


hows the results 


three plots th 


tinting characteristi progres 
the 


tended 


m putting coll 


Iront of an ¢ source 


become wative [or a highly 


source Clear] the ab 


oblique ra for a collimated 


source reduces the slope The increas 
can even make the slope nega 


the « the 


ing Vow 


is probably ase for 
The middle curve repre 
intermediate « 

The ob 


ve lope of the high-coll 


the effect 


ips if Hist 


mited collimation 


mation curve 1s not ot the 


external resistor in our case, as will be 


clear from discussion further on, but 
attributed to the 


e-charge effects 


should be collimation 
and spac 

W hen examined on al oscillos« Ope 
the counter pulses ind to be of 


or less the 


were 10 


more same magnitude for a 


nixed apple 


d voltage and the pulse 
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rise time <10~’ sec, but the pulse 
height increased by about 10% when 
the voltage was raised from 2.6 to 4.6. 
Of this increase about half took place 
between 2.6 and 2.9 kv before the start 
the plateau region. The rest oc- 
irred over the entire plateau region; 
the quiescent corona current increases 
vith voltage, so that the effective field 
between the wire and the plate increases 
only very slightly. Indeed, depending 
upon the external resistor used, V4 can 
even decrease with increasing V, in cer- 
tain cases, where a fall in the pulse 


heights 


can be anticipated. 


Quiescent Current 


\ corona discharge is set up around 
the anode wire as the applied voltage is 
raised above the counting threshold. 
A bluish the 
streak of light is observed all along the 
The 


wire diameter toward 


glow in form of a fine 


wire’s length. visible glow ex- 
ibout one 
ith 

th the source removed we studied 
iriation of corona current with 
d voltage by placing a microam- 

rin series with the cathode resistor 


R T R 


rrent characteristi 


Fig. 2). The quiescent- 
for the counting 
arrangement described earlier is shown 
in | 
current sets in at the beginning of the 
the 


g.3. Itis seen that the quiescent 


hump in counting characteristic 
Then there is a very small region where 
it increases nonlinearly with increasing 
ond about 2.9 ky 
The start of the 


region corresponds clearly to the 


i ed voitage Bey 
f reases linearly 
if the counting plateau 
camining the quiescent condition 
cilloscope, we observe corona 


their number with 


plied 


ge corresponding to the hump in 


Increasing 
voltage. Near the applied 
3, corona pulses of comparatively 


iygnitude are observed and 
were loud enough 
Probably the 


t increase in the counting rate at 


oscillations 
e clearly audible 
mp is due to these corona oscilla- 
Once the corona discharge has 
led over the whole length of the 
the counting condition seems to 
and the observed rate settles 

» the normal value 
quiescent current characteristics 
observed for four different 
7.7, 11.5, and 19 
results are shown in 
obtained for 
fit well with the 


These 


ilues of R 
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curves 


each of 


lor 
be calculated 


ideas outlined earliet 


these curves, Vee can 
easily and the previous predictions re- 
garding the variation of Veg with V, 
examined, The plots of Vew vs V, ob- 
tained in this way are given in Fig. 5. 
Clearly the higher curves correspond to 


k(R) < 1/R and 
As expected, the 


the case when V ont 
increases with V, 
rate of increase of Vag with V, gradu 
The bottom 
curve corresponds to the case where 


k(R) > 1/R 


here V.q decreases with increasing V, 


ally falls as ? is increased. 
R =~ 19 megohms), and 


For R between 11.5 megohms and 19 
megohms, there should also be a critical 
resistance FR, for which Veg would re- 
main practically constant (dotted line 
For all 


View and 


AB) over a large range of V,. 
than F,, 


hence the counting rate are expected to 


values of # greater 
decrease with the applied voltage, as 
has been actually observed by Connor 

For all our subsequent measurements 
we have a total quenching resistance 


R 1.2 megolims 


Rate vs Distance 
The 


alpha source Wis 


curve tor an 
with this 


counter using a collimated old polonium 


number-distance 
measured 
source. Figure 6 shows the number 
distance relation at room temperature. 
The shape of the curve is similar to that 
other alpha detectors 


observed with 


near the end of the range The con- 
siderable spre id of the « urve observed 
between the peak and the maximum 


distance at whicl ount were regis 


tered (™~3.6 en due to our using a 

With 
to the counter there 
i remarkable fall 


with 


fairly old polor m sources y 
the source nearer 
is observed howe el 
in the counting rate decreasing 
monochromatic 


This sud 


irise from two causes 


distance, making the 


alpha peak singularly fine 
den fall seems to 
First, the specif 


vn to fall somewhat for 


ionization ol the alpha 
particles is kno 
distances less than those corresponding 
to the maximum of the Bragg curve 
reduction 


This will amount to a ina 


priori sensitivit ind a consequent fall 
in the counting rate as the source ap 
this 
eem to account for the 


The in 


crease in the number of oblique rays as 


proaches the counter However 
factor does not 
rather steep fall observed 
the source is moved toward the coun 
the 


being lower for the 


ter seems to be the dominant cause 
a prvort sen t it 
the normal rays 


1 he 


oblique rays than for 


for the same rking oltage 


range, however, of monochromatic 
alpha particles from a freshly prepared 
source can be determined by this coun- 


ter with reasonable accuracy 


Temperature Dependence 


None of the 
tried to study the temperature depend- 


earlier workers have 


ence of the spark counter. Connor has 
expressed the view that it is likely to be 
slight, but no exact data on tempera 
ture effect appear to exist 

To study the temperature depend 
ence it is essential to allow for the ap- 
parent change in the range of particles 
caused by the change in the density of 
the surrounding air as its temperature 
We thought it 
study the temperature dependence by 
observing the 
for the polonium source at two different 
The first 
temperature 


is changed best to 


number-distance curve 


observation 
(20 (") 


temperatures. 
was at room 
Then the counter was plac ed in a ther 
mostatically controlled volume where 
the 
9+ 1° C 


where 


temperature was maintained at 
The results 
olid 
sponds to room temperature and an- 


The 


dotted curve was drawn by shifting the 


are shown in 


one curve corre 


Fig. 6 
other to the higher temperature 


room-temperature curve toward higher 


d values by an amount equal to the 


apparent increase in the range of the 


alpha particles expected at the higher 


temperature. The dotted curve may 
be called the extrapolated number-dis 
tance curve for the higher temperature 

It will be that a 


better fit between the 


wen from the figure 


hifted curve and 
the measured one might result from a 
tretching ol the 


that i iD 


imple Bragg 


curve; increnesing ill 


ibsacissas by the same fraction of them 


© that extrapolated range (or 
cine le Wi } ive 
lightly 


but it 


elves 
the maxima) would « 
not attempted thi 


eom 


that 


more 


plicated analysi ippear 


i small temperature effect exists 
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TUBEXPERIENCE IN ACTION 


Nuclear reactor heat exchanger tubing must not fail 
That’s why Superior tubing is specified 


When the count starts rising in a nuclear pile or corrosion might gain a foothold. Ductility is 
and the reactor goes critical, the heat ex- also important for fabrication ease. Excellent 
changer begins its vital function. Reactor weldability is a prime requirement. 

heat exchangers require tubing of the highest 


Superior has been supplying high quality tub- 
quality 


ing in a wide variety of analyses and sizes to 
This tubing must offer rapid and efficient heat heat exchanger manufacturers for many years 
transfer. It must be bright and clean, with We produce to the most exacting tolerances 
extremely smooth ID and OD surfaces for and specifications. Get more information and 
uninterrupted fluid flow. Walls must be uni- free literature today on Superior tubing for 
form throughout—no heavy sections to slow atomic power. Write Superior Tube Company, 
down heat transfer, no thin spots where sealing 2027 Germantown Ave., Norristown, Pa 


Swwervir lube 


The big name in small tubing 
NORRISTOWN, PA. 
! ‘ in. to Yq in. OD—certain analyses in light walls up to 2Y in. OD 


West Coast: Pacific Tube Company, 5710 Smithway Street, Los Angeles 22, Calif. « RAymond 3-133] 
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ATIONAL NUCLEAR GRAPHITE 


TRADE MARK 





This sub-critical reactor — constructed by Professor 
T. J. Thompson’s nuclear engineering students at M.I.T. 
is a typical lattice structure actuated by neutrons 
from a plutonium-beryllium source. The pile utilizes 
approximately 25 tons of graphite which insures excel- 
lent moderating properties and low neutron capture 
cross section for experiments. Neutrons in this pile 
will behave much as they do in a full-scale reactor, 
giving M.I.T. a first-class teaching tool which can be 
operated with no radiation hazard to the students. 

As part of a growing nuclear engineering center, 
M.L.T. is presently constructing a full-scale reactor due 
neoring ot MALT. comoving © Pitanhen Sent for completion early next year. This reactor will utilize 
item asueee coeres tenes tha aithaditinnl large quantities of graphite in the thermal column, 
nuclear reactor, reflector and for shielding. 


Dr. T. J. Thompson, Professor of Nuclear Engi- 


The terms “National” and “Union Carbide” are registered trade-marks of Union Carbide Corporation 
NATIONAL CARBON COMPANY « Division of Union Carbide Corporation + 30 East 42nd Street, New York 17, N.Y. 
Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. In Canada: Union Carbide Canada Limited, Toronto. 
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Transistorized Radiation 
Survey Instruments 


By W. G. SPEAR tal with a 6199, 6291 or 6292 crystal or ind 20-25 cpm/fast neutron/em 
Hanford Lahoratori¢ t thin-wall G-M_ tule s used for 

Hanford Atomic Products Operation trictly 
Richland, Washington 


gamma detection, a Nal(T! 


High-Voltage Supply 


rystal provides a gamma sensitivity of Che same type of high-voltage supply 
0.01 mr/hr. A Lil(ieu) crystal is used (Fig. 1) is used in all the instruments 


for thermal neutrons and surrounded The supply consists of a single Gen 


Phe radiation-sur names n by ceresine wax moderator for inter eral Klectric type 2N43 junction tran- 


described here ar di mediate neutrons Lucite with dis stor in a blocking oscillator circuit 
ness, compactne persed ZnS powder is used for fast neu rhe circuit may be used to produce 


maintenance tron Sensitivities are 450 cpm per either positive o egatiy 900-1. 200 


Mach instrument n/em*/sec for the Lil(féu) erystal volts by properly connecting the trans 


re "40 , 9 > aft . 
peratures from ay" Ft ( vell moderated Ra-Be neutron former secondar vinding, the rectifier 
assure satisfactory operatio 

The alpha scintillation 


2.5 |b, as does the G-M 





Bradiey HV. selenium Output 
The combinatio alpha rectifier iS00v of 200 0 -90C t c 
j mbination aly G.€. 2N43 S p 900v aot 20poa 





strument weighs 3.5 lb, the 


the beta gamma seimntil on 

ments weigh 4 |b each, and . 

4 ,eRnChH, U lw 

survey instrument weig! ‘ 2 

the instruments represent an extender 1.0.02 0.2 
-~ 

battery life and an approximate ' : : ip00v P 

and volume reduction of 50% from 

most of their commercial counterpart 2.7 Meg 

an ohms, Lw 

Che neutron survey meter 2 


than one-fourth a te i : 1 [ 














cal available neutron-deter V.TV.M. voltage 


ments with moderator check point 
extensive use of coms P-I= Bourns 10-ohm “trimpot” 
able transistors and asso: 


circuit boards resulted in a reas : T-1= T-2 = type O-3 ouncer transf 


Six (series) , 
6 [As < of 
complete assortment of rates 4 : RM-12 A= second winding of transformer 
T-! only 


rc 
ol portable survey instru ercury celis 











the high-voltage supp! 


Ing-rate-meter circuit common FIG. 1 Transistorized power supply is used for all the survey instruments 
instruments and wit! 


amplific r, where nece 





all but one instrument, inte we of 78y (a) éme 


complete circuitry is possible with re ' (6 merc, cells 
0 
sultant cost and invent react ol phototube 


Kventually, all sur ! anode oe, 
could be standardizes t ding 5 ots 
photomultiplie tubs vitl ol j 
r . T 
| 


change in detectors nec il ' Green 


k-> To dual 


counting 


tile surveying of alpha, be sein 200k: FE), 0.01 ‘transistor 
rate meter 


contamination and neutror 


Detectors 
The alpha detector i couted Tio 


Lucite plate and an 1P21 photomu + All resistors ore '/p w 





plier tube; plutonium contaminatio C, = 2.0yf i2v tantalytic capacitor 


100 dpm over an 8-in? area Type UM-I12 Chicago Transformer Co 











with <1 epm background 


gamma detection, an anthrace: ' FIG. 2. Five-transistor amplifier is adequate for a, 8, and y detection 
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UNITED STATES ARMY 
Corps of Engineers 
Ordnance Corps 


UNITED STATES NAVY 
Bureau of Aeronautics 
Bureau of Ships 
Bureau of Yards and Docks 
Office of Naval Research 


UNITED STATES AIR FORCE 
Air Materiel Command 
Air Research and Development Command 
Strategic Air Command 


INTERNATIONAL COOPERATION ADMINISTRATION 


UNITED STATES ATOMIC ENERGY COMMISSION 


BROOKHAVEN NATIONAL LABORATORY — 
Associated Universities, Inc. 


BOEING AIRPLANE COMPANY 
CURTISS-WRIGHT CORPORATION 
LOCKHEED AIRCRAFT CORPORATION 
MARQUARDT AIRCRAFT CO. 

NORTH AMERICAN AVIATION, INC. 
NORTHROP AIRCRAFT, INC. 

PAN AMERICAN WORLD AIRWAYS SYSTEM 


k 4M) 1 neerinri p oa AVCO MANUFACTURING CORPORATION 


THE GARRETT CORPORATION 


° > 
> a > | 
A merica S HYDRO-AIRE INC., 
P Subsidiary of Crane Co. 
i Je f ense PHILLIPS PETROLEUM COMPANY 


RADIATION, INC. 


We are very proud to have served some of 
our country’s most important organizations 
engaged in national defense. The names of a 
few of them are listed here. Our congratula- 
tions to all for a job well done. 


PARSONS 


THE RALPH M. PARSONS COMPANY 





ENGINEERS+* CONSTRUCTORS 
LOS ANGELES 
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SCINTILLATION 
PHOSPHORS 


introducing 


NE 400 


for new simplicity and 
efficiency in neutron 
detection 


This is a new 
composition 


type boron 
with ZnS (Ag 


polyester 
activator 
© Excellent neviron to gamma response ratio 
© High detection sensitivity 

© Supplied in thin disks of various diameters 
© Also available with enriched 8 


PLASTIC PHOSPHOR 


NE 102 


Our new plastic scintillator possesses 
an extremely high light ovtput (60-65% 

anthracene) t provides superior 
performance at high counting speed 
with maximum efficiency and greatest 
economy. Available in ony size of 
shape. 


LOADED LIQUID 
SCINTILLATORS 


in bulk of encapsulated containing Pb 
(for xu-ray sensitivity), Gd, 8B er Cd 
for neutron detection, and Scintillating 
Gels for internal counting 


SCINTILLATION 
CHEMICALS 


Wide range of highest purity materials 


where research COUNTS 


enterprises lid. 





1750 Pembina Highway 
WINNIPEG 9, CANADA 


Associate Co 
Nuclear Enterprises (G.8.) Lid 


Bankhead Medway, Sighthil!l, Edinburgh 11, Scotland 
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FIG. 3. Transistorized ratemeter circuit is used in all the units 


the voltage regulator For 900 plug-in board Sur 


i Victoreen 5sS41 
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VX R-1000 


used for 


rapid nterchange ol ¢ 


and pnd ind this increases the ttlable 


6143 regulators ar 
200) 
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A three 
tub 
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optimum, and the maximum conversion 
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transistor inpiher wher t! 


efhaency with a voltage 


er Trequene 
ibout SS% with a ead i 
battery life 


tral tors by 
ad current i 


resultant 


ill abole 
of approximate! 


Ratemeter Circuit 


used to varv the in The counting-rate 


put current tor mo t efficient operation hown NH lig 


(00 hr of continuous operation. The 


0-ohm rheostat 1 meter circuit 


; rh 
transistor used of the in 
high uppl Klectri 
miniature rheostat | 


ircuut 


depending on the trument use 
rhe complet oltage 2N45 junction 
uding the onnected in a bistable 
closed in a steel can to prevent regen operation of the circu 
the amplifier Nega CCOl transisto! 


ive pr kup by 
high 


otomultipher tube 


onducting 
used with the 


voltage | 
minate the 
d for high-voltage capacitors from ufficient to b 
photomultiplier anode to the 


For 1.000 
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and 1,200-volt opera 


| HOO-volt enpacitolr ire 


ppulise 


rated tor 


ised in the high-voltage filter cireuit resen thigh input impedances 


y onducting tarts conduction al 
Amplifier t transistor | 


The transistor tmipliher Ow in om I tl I} 


chang 
utilize five Crem econd trat 


pe 2N45 transistor 


it two of the u 


ind onductior 


trument capacitor ( or ¢ 
for neutron detection, a subminia through the base resistor of the 


the ba 


yeneratl 


ire three-stage vacuum-tube amplifier transistor, and when 
ed to obtain the nece il precise 


rimination he 


tion, the 


ond tran 


imma contamination dete irige the 


e-transistor 


A f-my 


traplifier pmequate 


onduet 
input pulse to the amplifier s then read oO accept t 


Volt constant-amplitude 


to drive the ounting Or @ WILK Ine valled Gi-M t 
rate-meter cireuit 


r for the 


The total d-c input 


voitage tid al 


amplifier ts producing negative pulses 
J 


ises N 


transis 


thy . erie 1.25 


a batter life 


rate-meter circuit 


Klectric 2N168 
cated in I ( | the 
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>» 400 hr 
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sal and signal application to base 
second transistor. 

ranges in both 

100.000 


counting-rat« 
are 1,000, 10,000 
The 
ranges are approxi 
ind 2 sec. The d-« 
battery 


ng a battery life of 


and 


ru scale time constants 


respective 


‘3 drain 


) 5-volt is about 1.5 


> SOO hr 


ounting-rate-meter circuit was 


ited on a plug-in printed circuit 
litate 


to lar mamtenance 
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Resolving Complex Decay 


Curves 


By D. H. PERKEL* 


fornia 


mar method of analyzing 


of samples containing 


omponents is to allow shorter 


omponents to decay out until 


the longest-lived one remains 
traight line on a plot of logarithm 
erved activity vs time, represent 

longest-lived component, 18 ex 
ated backwards and subtracted 


the total curve The resulting 


fference curve is plotted, and the next 
sub 


t iong lived 


component 18 


ted in a similar manner. Usually, 


than three components can be 
this method (7) 


subtraction method is most us¢ 


ed DY 


en (a) there is a wide range in 


alues, (b) there are a great 
iy points, for which graphical 
represent a distinct saving in 
numerical methods, (c) the 
el is high enough to permit 
taken 


not known 


to be and (d 


urve 
t Known or 
ion method cannot be 
r, when only a few de 
if the 


i taken to the point where 


KnOWnh, or curve 
ed components have died 
linear method deseribed 
le is an analytical method of 
decay which 


ompl curves 


ed to a limited deeay curve 
a relatively large 


and the half 


1d INVOLVES 


computation 


ness: Ae 
Cali 


ojyet-Crenera \u 


that 


own to tl 


throughout 
re ki 
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lives of at least the shorter-lived com 
ponents must be known accurately 
This 
known ‘a 
to two-r 


well 
been applied 


linear method is fairly 
but has 
omponent decays In 


Ih how the 


mainly 
this report it} how method 


can be extended to three-component 


decays, and can detect and measur 


contaminatior n i two-component 


sample 


Two-Component Curve 


If the obser ed tivity t Rit 
{ (from zero time) 1s the 


at time 
sum of two in 
dependently dec components A | 
and B, then i alin ta} 


ng 


en hy 
R + Bu 


where the cript relers to zero 
time activits 
When mult 


| becomes 
Re 
rhis « quation 


where rand anc the slope 


equal to 


ind B 


m and the ‘ ep » are 
the zero-tin | 
respective ly 


In practice plotted 
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showing effect of contamination 
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Universal DC Meter 


This new microvolt-ammeter-amplifer 
will measure as little as LOvv or LOppa 
with accuracy, It may also be used as 
a DC amplifier with up to 80 db gain 
and only LOwy drift 
cale provides instant polarity 


Utilization of KIN TEL’s 


chopper stabilized circuit provides 


A zero-center mir- 
rored 


indication 


versatility, accuracy, and stability that 


is unobtainable with conventional 
VTVM's. The Model 203 is the ideal 


veneral purpose laboratory meter, 


production test set, or null meter, 


SPECIPI CATION & 


© 100 wy to LOD yv I 
100 pya to 100 ma f 

25 ranges 

100 megohme input 

amplifies 

10 wy equivalent input drift 

| volt output 


Pris ‘ 


. 
. 
. 
© #0 db gain a 
. 
. 
. 


Soo 


Representatives in all major cities 


Write for literature or demonstration 


5725 
SAN 


KEARNY 
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careers im peaceful 


appli ations of alomic energy 


NUCLEAR AND REACTOR 
ENGINEERS 


Education: B.S., M.S., or Ph.D. in Engineering o1 
Physi 
Experience: Analytical or design experience in nuclear 


reactor reactor! tems or related fields 


Duties: Engineering of overall reactor installations; the 

analysis of nuclear characteristics or economic evalua 

tion and feasibility studies of nuclear reactors for 
civilian ipplications 


REACTOR 
SHIELDING ENGINEERS 
Education: B.S., or M.S. in Engineering, Physics, o1 
Mathematic 
Experience: Minimum of one year of practical reactor 
hielding analysis 
Duties: Analysis of neutron and gamma-ray distribu 
tion, shielding, and nuclear heat generation for 


reactor systems 


A valuable opportunity. Write 


agp ATOMICS 
AT) INTERNATIONAL 


a nce 


Mr. G. W. Newton, Personnel Office, Dept.C-6, 
21600 Vanowen Street, Canoga Park, California 


(in the Jburban San Fernando Valley, Los Angeles) 


é on linear scales) for each point 
on the decay curve The slope and 
/-intercept of the resulting straight line 
are obtained visually or by a least- 
squares Computation 

Solution of the well-known least- 


squares equations gives 
ndz J Lrly 
22)? 
rrrry 
(Zz)? 
where 1 é ne / Re 


number of observations 


Two Components Plus 


| Contamination 


Here, it is assumed that 


time dependent 


rcontaminating activity Letting 


and Rit)e’ as before, 


in be rearranged to give 
6 


be plotted r as before If 

as an effective half-life signifi- 

horter than that of either known 

components, then, at large values of ¢ 

fC R(t), and y ma+b. This 

aight line is well defined in the plot 

departures of y from the extrapola- 

1 of this line to small values of ¢ are 

by the last term in Eq. 6, C(t)e* 

larly, if the contaminating activity 

sa half-life significantly longer than 

if either of the two known compo- 

nents, then the plot of y vs z will be 

linear at small values of t and will de- 

part from linearity by amounts C(ije~* 

for large values of t. These relation- 
ire shown in the illustration 

either of these two cases, then 

there exists a linear portion of the curve 

This linear portion may be extrapolated 

to the nonlinear region, and the depar- 

tures are a function of the contaminat- 

ctivity, viz., C(be’ If m and b 


ve been found (as by least-squares 


computation for the linear portion 


ilone), then the contaminating activity 


en simply by 


zero-time activities Ao and Bo are 

given by mand b re spective ly 

‘(t) is time-dependent, it will 

a characteristic decay If it 

sts of one component, the half-life 

1 frequently be found readily, and 
ontaminant identified thereby. 
however, the contaminating ac 

has an effective half-life not 
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xact known but intermediate be- 
tween the half-lives of A and B, then 


the method of this section cannot be 
on FENN 
Three-Component Curve . TF al 
Ralph 5 Metal Forming A) ak 
, ohet + Bop wt vgn het e i 
R A B + ( s Equipment 


(without loss of generality, we may let 
A. > A, > A,), and hence 


Re’ Ages)! + Boe 


This is of the form 
ar + by tec 


the equation of a plane where 


z Rev 


Although any three points on the de- 
cay curve (2 vst) can yield values for 
a b and ( a 1 h By c Cc’ by 


simultaneous solution of the equations 


+ by, 
L bis 


+ hy 


In practice any three consecutive points 
can be expected to lead to subtraction 
of numbers of like magnitude, with 
consequent loss of precision. Ther 
are two methods of solution: (a) several 
widely spaced triads of points may be 
chosen, each solved simultaneously for 


values for cach component averaged Core of Your Nuclear Planning 


values for each component averaged 


7 # least-squares method may bx FENN PRECISION ROLLING MILLS are made in a complete range of sizes and types 
rene for laboratory, pilot run and production. They are designed and built to meet the 
rhe three numbers to be determined requirements of nuclear metallurgy, including the newest and toughest metals. They 
represent the intercepts of the plan can be supplied in both vertical and horizontal types with complete instrumentation 
described by Eq. 10. Each point on for remote control and hooding where necessary. 
the decay curve yields one point near 
FENN ROTARY SWAGING MACHINES are the invaluable precision production tools 
for nuclear metal forming . .. hot or cold . . . without producing chips. A complete range 
of sizes with capacities from %” to 6” diameter. Models also available for internal 
reductions and with special length dies. Compact self-contained unit facilitates hooding. 


the plane, and the “best” plane, a 
cording to the principle of least squares 
has th: intercepts A, B and C, which 
en implicitly by the equations* 
FENN DRAW BENCHES AND TURKS HEADS—fenn makes both hydraulic and 
mechanically actuated draw benches with capacities from 2,000 to 40,000 pounds pull 
” Variable drawing and return speeds to fit your specific requirements. Fenn Turks 
y2 Heads, with infinite adjustment of rolls, are a valuable accessory to draw benches 
for producing almost limitless shapes in wire, rod, or tube. 
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~ 


e equations can be solved explicit] 
ell known methods, such as suc 


eliminations, ratios of determi 


os £8 wen chininad te etal For engineering services 
1 Y (2s — 44)%, where Z, is de or literature, write 
NUCLEAR MACHINERY DIVISION 


+ By, + C, the z-component 
plane. Only the z-compo 


ations were used since z (and not 


inction of the observed count 
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new low cost 
multi-channel 

pulse height 
analyzer... 





Model PA-400... The mode! PA-400 is 
designed for laboratories, universities 
and other users where the high cost of 
multi-channel pulse height analyzers has 
previously prevented their use in nuclear 
energy spectrometry, statistical data 
analysis and evaluation of manufacturing 
processes. Expandable from 10 to 50 
channels to permit purchasing to meet 
your specific requirements. Analyzer re 
solving time 
uous counting rate 15,000 CPM per chan 
nel; count storage 100,000 counts per 
channel, Simplified operation and easy 
maintenance. Approximate prices: 10 
channels — $2,525, 30 channels $3,925 
50 channels — $8,125. Write for techni 
cal bulletin #N-1 


Eldorado 
Electronics 


1401 Middle Harbor Road, Oakland, Calif 


4 micro seconds: contin 
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nants, or the Crout-Milne matrix crease tremendously This objection 


method (6). can, of course, be overcome if the serv- 
It must be emphasized that this ces of an electronic digital computer 


method for three-component resolution are available 


. * * 


limited to cases where the decay con 
The author wishes to acknowledge the 
enerous assistaru of Donald L. Forrest 
rate and where the contribution of a bo veviowed the manuscrigt end offered 


tants of the activities are known accu 
fourth (contaminating) activity can be eral valuable suggestion 
issumed, with reasonable assurance, to 
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he negligible rie 
A refinement of this method to in 
corporate weighting factors based on 
the statistical accuracy of the various 


points on the decay curve is straight reiling, | 


1u5t 


forward, but the computational labor 


n applying this refinement would in 


Tests of Decontaminants 
for Steel, Lead and Glass 


By JOHN B. HUFF 


Llom Knerqy Division Phillip Petroleun ldaho ka I[daho 


\ decontamination problem arose Li disks were cut from lead sheets 


th the lead and stainless steel sample Those with obvious surface blemishes 
pigs used for transporting highly radio were discarded Glass samples were 
tive samples at the Idaho chemical prepared on 26-mm-diameter watch 
processing plant Spilled samples had Ulusse The concave ide received 
ontaminated the pigs to the extent olution 

they showed contact readings ex Mach sample was rinsed with tap 


ding | r/hr water ilter treatment They were 


\ reasonably satisfactor electro then dried b evaporation except 
Nntamination process was ce eloped vyhere Vviping | specihed in the table 

he results of the studies leading on the facing page 
to this method are pre sented here The samples were counted with an 


id should be of use for similar end-window G-M tube in a lead shield 


roblems it ~10% geometry. A jig provided 
: , ounting reproducibilit) The values 
Sample-Disk Preparation en in the table are average net cpm 
Dissolver product (nitric acid solu fror -min counts A background 
tion of fuel elements) fromthe chemical — ¢ was made each time samples 


ing plant was chosen as the test counted. The counter was prob 


mntaminant It was diluted with 1M ably ive to some low-energ 


nitric acid and the same sample was 
ad tor all tests The fis lon products variation in initial counts 
in the liquid sample were estimated at table is due to decay, since 
i ppm Ihe racliolsotope 8 cle po ited | quid imple was used for about a 
mm the sample disks were thus at tracer Prepared disks stored in env 
ind probably undetectable by lope ere also subject to mechani 
usual analytical method L¢ of contaminant 


Stale steel counting dish iS mm 


inmeter poli hed on om ile were Discussion 


vmared. The disks were usua pre lectrolytic methods are at the toy 


d with acetone A 30-1 
inscribed on i Lom owevel these methods are 


for both stainless steel and 


circle wa 
hed side with wax pencil and ome operational difficulties 
et. One-milliliter samples were : here is the problem of getting 
rated within the circle under ired current density on internal 


such as the working parts 
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Procedures Tested for Decontaminating Stainless Steel, 


Lead and Glass 


Ve thed* 


Stainless steel 
\node 4 min in hot dil H.S8O,, 150 amp/ft? 
(node 2 min in hot Oakite 90, 150 amp /ft 
hed with dil H.SO, 
1M NaF, then anode 3 


soln 


* wire 


Boiled 5 min 


TU 


in min 


in) imp SiaTTiE 


Sonked 


sO min in warm 20% 


Nak by we ight 


Boiled 20 min in soln 
Ko ad 


Turco, 45 gm 
{0 min in soln Turco, 45 gm 


70 min in soln 


l 
] 
Turco, 45 gm/I 
l 


10 min in soln Tureo, 45 gm 
2 min in soln Turco, 45 gm /I 
led 20 min in 0.25M H,PO, 
ed 20 min in soln Turco, 45 gm/I 
imple prepared on lacquered disk 
Hoiuled 40 min in soln Green Detergent, 45 gm /I 
Boiled 
Boiled 20 min in soln Green Detergent, 45 gm/! 
viled 30 IM HN®,-0.003M_ periodi 
d 
ed 


}) min in 2M eitrie acid 
min in 


Ominin IW HNO 


Lead 
Anode for | 


ritise 


1M KOH followed by 
150 


min in hot 


in 1M HNOs; several cycles; 
in alkaline soln potassium tartrate for 

ce followed 60-sec soak 

ft?: 4 cycles 

hr in Tureo, 45 gm/I, 
anode in hot 1M HNQ, for 1 
Oakite 90, 60 gm/Il, 5 

; wiped with tissue 


1M 


by in same soln; 


1) amp 


Boiled | 


su 


soln counted 


cpm min 
Anode 

p 
oaked 2 


in min at 75 


ft > counted 1,034 epm 


min in cold HNQOs; wiped with 


0 
7 


led 90 min in soln Versene, 45 gm/1; counted 


cpm soaked 2 min in hot dil H»SO,, dried 
th rags 
IM HNO 


soln Turco, 


iked 20 min in hot 


~) 


\node 2 min in 15 gm/l, 70° ¢ 


boiled 20 min in 2M citric acid 


Glass 


14 d 20 min in LW tartarie acid 

d 20 min in soln Green Detergent, 
d 20 min in soln Turco 
1M citric 
20 min in IM HNO 
d 20 min in soln Versene, 45 gm 
d 20 min in soln NasCO, 


iW NaOH 


15 em /l 
20 min in acid 


| 
1 
d 


let 20 min in 

Oakite ¢ 
pound 
19 Wee 

Turco 


wing cleaning compound ire 


sold 


odium 
Pitt 


gias 
Im 
Detergent 
Decker 
Fal 


phosphate 
sburgh, Pa. 
liquid cleaning solution 
Brothers 
Idal 


( ' 
gon 


pound 
Low Ar 
256 Broadway, Versene 
tetraac 
Framit 


Initial 


count 


14,652 


O70 


HN, by vol plus 


W773 
Vou 
9.776 
11,625 
O ROO 
5.500 


1246 


2020 
O S46 
10,018 
9 28S 


9,855 
10,174 


15,460 


| 
4) G53 ! 
S, 
1O,4315 
LO. 200 
10,082 
4 7RO 
LOW 8 
0) ukalin 
sold b 
tor st 
Tureo 418 
aold thy 
igeles 54, ¢ 
disodium 
cod 
Ma 


er 


igham 


} mat 


count 


bkge 


Bku 


Bkge 


1 


Bked 


Bked 


Bkged 


sky 
tkged 


skgad 


1s.5 


? O46 


e 


2-A 


electrot leaning 
Oakite 
New York 6, N. ¥ 


rureo 


alif 


salt of ethylene diamine 


sold 


by 


Decontamination | 


factor 


(initial / final) 


16,000 
15,000 
10,000 


4,800 
9,700 
2,000 
1,000 
1,600 

700 

600 


220 
170 
120 
110 


110 
S4 


UO) 
4900 
O00 
1,100 
BI) 
B40 
20 


2 
0 


com 
Products, Ine 
laundering 

Products 


com 


Ine 


Versenes, 
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M1238-1818 — Range 18” x 18”, working 
distance 9 to infinity. Reads to 0.001" up 
to 24” working distance. Protractor ocular 
reads to 3 minutes of arc. Image is erect 


Cut inspection 
time in half 
with new Gaertner 

Coordinate Cathetometers 


These convenient, reliable optical 
instruments permit making precise co 
ordinate measurements in a_ vertical 
plane. The two dimensions are measured 
with one setting, object does not have 
to be rotated. Inspection time is cut in 
half and resetting errors eliminated 


Versatile Gaertner Coordinate Cathe 
tometers are ideally suited for precision 
measurements on large objects; also ob 
jects or points in recessed, remote, or 
inaccessible locations. Applications in- 
clude measuring jet engine sections, 
complicated castings, printed circuits, 
bolt holes and bosses on large piece parts, 
traces on cathode ray tubes, etc 


Because these are optical rather than 
mechanical measuring instruments, you 
make non-destructive measurements 
without contact, distortion, or concern 
about pressure being applied to the ob 
ject when making a setting. Instruments 
available in English or Metric system 


M1236-46 —»> 
Horizontal range 6", 
vertical range 4”. 

Reads to 0.0001", 

working distance ad 

to infinity 


<— ™1236-22 
Range 2° «2 

to 0.0001 
distance 5 
Shown with 19 mm 
mounting rod, and without 
telemicroscope. Instrument 
permits precise coordinate 
movement of other objects 
such as photo cells, 


, reads 
Working 


to infinity 


probes, etc., in place 
of telemicroscope 


Write for Bulletin 168-53 


The Gaertner 
Scientific Corporation 


1257 Wrightwood Ave., Chicago 14, III 
Telephone: BUckinghom | 5335 





To that rare breed of men who can 


“‘see’’ the shape of things to come 


We can use your ideas in 
Large Rocket Engineering 


We have a small but heavyweight group here at Rocketdyne 


known as the Preliminary Analysis & Design Section 
These are our idea men. It’s their job to see the Big Picture 


to approach outer-space projects without earthbound prejudice 


to anticipate problems and sense the likeliest ways to solve 
them. They are qualified experts in a broad range of fields. Some 
have extraordinary imaginations; others are brilliant analysts; 
but all share the ability to hit the highlights without becoming 
enmeshed in the details. In short, they are scientific skirmishers 
who scout each new challenge—then summon research and 
development specialists to meet it 

If this sounds like your kind of group, you may be the very 
man we're seeking for one of the several jobs now available. We 
can't describe them in detail here, but they include Controls 
New Concepts (nuclear and ion applications), Preliminary 
Design, Fluid Mechanics, Heat Transfer, Engine & Missile 
Systems, and Military Operations Analysis 

We can use men with advanced degrees and solid experience 
in control systems and power-plant design. If you are a young 
engineer or physicist with an M.S. or Ph.D. and an analytical turn 
of mind, we can offer on-the-job training in many pioneering 
fields where experience is practically nonexistent 

Please tell us about yourself—what you've done... what you'd 
like to do. Write: A. W. Jamieson, Rocketdyne Engineering Per 
sonnel Dept. C-6, 6633 Canoga Ave., Canoga Park, California 


ROCKETDYNE 12 


BUILDERS OF POWER FOR OUTER SPACE 


within a sample pig Secondly, rea- 
gents in these methods noticeably etch 
stainless steel. The corrosion of the 
article being decontaminated is usually 
negligible. However, if the spent solu 
tions are sent to permanent storage 
the presence of fluoride or sulfate ions 
is considered a corrosion hazard 

It was observed that lead anodes in 
alkaline solutions lost metal at a rapid 
rate, but the stain left by the drying 
sample tendedtoremain. Thisresidue 
which was assumed to be a comple x 
mixture of lead oxides, was refractory 
It may be reasoned that the anodi 
treatment changed the lower oxides to 
higher, more soluble ones. The sixth 
proceaure caused a rapid dissolution ol 
the lead but left considerable 
contamination 

Suggested procedures. From thes 
tables several procedures can be de 
vised for decontaminating stainless 
steel-lead assemblies In general 
inodic treatment in a hot alkaline solu 
tion containing some alkali tartrate is 
recommended for the first step. This 
step is not especially effective for re 
moving fixed contamination, but it is 
in easy way to remove adhering con 
taminated soils An acid rinse con 
taining tartaric, citric, acetic or nitric 
wids is preferred over sulfuric acid 
The third step might be directed to 
ward decontaminating the stainless 

teel by boiling in Turco* or phosphori 
acid solution. Recycling is frequently 
necessary 

Lead is so soft that some of the sur 
face can be removed by wiping with a 
cotton cloth; exposed surfaces can b 
finished by this method. Rubbing or 
polishing may be profitably employed 
as a final step on the unobstructed su 
faces of most metals. 

Decontamination presents many uni- 
que problems, so that a standard ap 
proach is not recommended. If the 
work is contaminated to the extent that 
a curie of activity, for example, must be 


removed the disposal ot wastes and 


confining of contamination will proba 


reo reler Lo ompound Ni 
which wa supplied by Ture 

Ine Lo Angele The manu 
report that it is relatively nor 

i to staink ste« being free of 

de and fluoride ions hey state that 
contain sulfate ion a8 an impurit 

1 might cause corrosion if mixed wit! 
icid wastes and stored in stainless 


tanh The compar advises that 


ng higher-purity raw materials they 
ide the same action in a product 
of sulfate ion, which they desig 
Pureo 432 The advise also that 
ution ifter concentrat 
m, will be fre 


hate 
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idditional steps or special 
tadioactive dust or metal 
ght best be removed at the 
h a vacuum cleaner. 

ds 4, 13, 15, and 16 for 
s steel represent approximations 
dures used to decontaminate 
steel vessels and other fixed 
equipment at the chemical 
Method 4 is seldom 


to its corrosive tendency. 


sing plant 


er three procedures are preceded 

ind 0.25M phosphoric acid 
itment time for Turco and 

cid was 20 min, as com- 
ith 30 min for the other five 
res. Thedecontamination fac 
Purco and phosphoric acid are 
times those obtained with the 


eriodic, and nitric acid for 


The possibility of substan 
ducing the time required for 
nation of process equipment 
suggested 
observed that the Turco solu 
persed the wax ring from the 


much more effectively than 


wsphoric acid. The Turco solu- 
found to be alkaline in reac- 
t produced considerable foam 
led. The wax, with its tend 
er or retain contaminants, 
does not duplicate conditions 
and vessels However 
lity of organic solvents form 
| gums should be considered 
wess-line valve parts showed 
ontamination of 1.5 r/h after 
t by electrolvsis and boiling in 
itivity was reduced to near 
ind by boiling the parts in 
sphoric acid for 2 hr 
type 347 stainless steel 
n area of 25 cm? was boiled for 
).25M phosphoric acid and lost 
veight It was then boiled 
onecentrated nitric acid and 
If this represents a tru 
the metal lost it would be 
valent to removing 0.002 
surface. The true loss of 
obably obscured by the for 
xides or phosphate s, which 
ld weight, and the true area is 
greater than the apparent 
the sample was initially 
th nitric acid, it appears that 
oating was attacked by the 
acid It 


I osphate coating then formed 


seCCIns possible 
nsoluble in phosphoric acid 
ittacked by nitric acid. The 
nt tests were made with phos- 
d; however, the preliminary 


promising and the 
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RIGHT! 


KINNEY SPANS THE WHOLE SUBJECT 


OF HIGH VACUUM 


The heart of any High Vacuum 
System is obviously—the Pump 
It is certainly true that the per 
formance you can expect from 
your system is circumscribed by 
the capabilities of the pump you 
select. With the most extensive 
line of High Vacuum Pumps in 
the world, KINNEY encompasses 
every electronic need from lab 
oratory to full production. The 
significance of the KINNEY name 
and KINNEY performance in the 
field of High Vacuum cannot be 
overemphasized 


As the circle of High Vacuum 
technology widens, embracing 
more and more products, proc 
esses and procedures, the more 
important becomes the “‘know- 
how” and experience of KINNEY 
engineering. What is true of 
KINNEY High Vacuum Pumps is 
also true of KINNEY High Vac 


uum Components and KINNEY 
engineered Complete High Vai 
uum Systems 


In any High Vacuum System 
you may select, you'll find that 
KINNEY equipment provides plus 
factors beyond the specifications 

advantages and values you 
can see, feel and cash-in on 
For example: KINNEY Electronic 
Tube Evacuators and Aluminiz 
ers, High Vacuum Evaporators, 
Crystal Growing Furnaces, Vac 
uum Ovens or ultra-High Vacuum 
Pumping Systems represent ad 
vanced design, superior perform 
ance and interesting factors of 
economy 


What's your problem? If you're 
looking for the answers in High 
Vacuum—drop your slide rule 

pick up your ‘phone! Call the 
KINNEY sales office nearest you 


| MEN NEY wre. oivision 


THE NEW YORK AIR BRAKE COMPANY 


1614F WASHINGTON STREET 


WRITE: 


Get your copy of | 
KINNEY Bulletin 
No. 425A and full 
information on 
new develop- 
mentsin KINNEY 
High Vacuum 
Systems 


| Name 

| Company 
| Address 
| City 


BOSTON 30 + MASS 


Kindly send me copy of Bulletin 425A describing 
KINNEY High Vacuum Pumps. We are also inter- 
| ested in Systems to 


Zone State 





{UNGSTEN 


ALLOY 
CONTROL 


} in the palm of 
) your hand with... 


_ FANSTEEL 


| REFRACTORY 
METAL 
PELLETS 


Low cost, readily available, 
high density, low gas content, 


easily handled, and... 


99.87, 


Write for current data 


E FANSTEEL METALLURGICAL CORPORATION 


NORTH CHICAGO, ILLINOIS, USA 


phoric acid-nitric acid cycle is recom- 
mended for trial on difficult stainless- 
steel-decontamination problems 

Contamination mechanisms for stain- 
less steel. Some speculation as to the 
reactions causing contamination on 
tuinless steel seems justified. In pro- 
cedure 16, over 1% of the measured 
activity remained after boiling with 
nitric acid The retention of this 
residual contamination (which is gener- 
ally the most difficult and costly to 
remove) cannot be satisfactorily ex- 
plained as due to physical attraction 
The most logical explanation seems to 
be that some of the fission products 
reacted with the surface of the disk to 
form compounds that were insoluble in 
nitric acid, Glasstone (2) points out 
that the oxide coating on passivated 
metals is impervious to oxygen and 
most anions; it may therefore be rea 
soned that it is impenetrable to the fis- 
ion-product cations also. The reac- 
tions would thus be confined to the very 
thin oxide layer 

Mellor (3) reports the preparation of 
ferrites from copper, silver, nickel, co- 
balt, strontium, sodium and several 
other metal Cypical is zine ferrite 
ZnO + Fe.O s, which oceurs naturally in 
the mineral franklinite. Presumably 
zine nitrate (or the other metal nitrates 
could react with ferric oxide to produce 
omplex oxides of this nature Mellor 
ilso reports that zine ferrite can be dis 
solved in hot, concentrated sulfuric 
wid, and several of the other ferrites 
how a tendency to dissolve in organic 

d The large number of fission 
products present makes any analysis of 
the problem most complex, but the 
ferrite theory seems to offer a rough 
pattern for the trend shown in the 
stainless-steel list It should be ob- 
erved that chromium is also present in 
stainless steel, and that a comparable 


vuup of chromites might be formed 


thia 
as done s a part-time, semi-official 
this ork could not have been com 
thout the help of a number of indi 
Thanks are especially due to R, E 
or a ihatantial amount of effort 
procurement and other details, and 
Bonnett who ecommended the 
ompound and dia ssed his ex perience 
vith the autho 
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Assaying Compounds 
Containing H* and C™ 


By GEORGE T. OKITA, JON J. KABARA, FLORENCE RICHARDSON and 


GEORGE V. LeROY 
{ mne ¢ 


mcer 


Illinon 


ctiven of liquid scintilla- 
ounting weak beta-emitting 
ind the difference in the ener- 
beta particles of tritium and 

t make it possible to assay for 
se isotopes in a double- 


The 
s 0.018 Mev and for 


ompound maximum 


for H 
tT 


renerally used are 


ents 


dence circuits with one or 


height discriminators In 
the discriminator circuit is 
that one sealer monitors 
of the energy spectrum, for 
discriminators 


ind lower 


ind a second sealer moni 

portion 
own the spectral-energy 
‘and the discrimi- 

i liquid-scintillation 


lr} 
‘ 


is the Tri-Carb liquid scintilla- 


instrument used in this 


trometer* with a two-channel 
ght analyzer Two channels 
height discrimination are ob- 
means of discriminator con- 

1, B and ¢ The output of each 
fed into its respective scaler. 
A and 
} are monitored by the scaler 
thehannell. Pulses with 
iter than B and less than C 


the scaler of channel 2 


’ 


f energy greater than 


mdel 314, 
I! 


Packard 


Research Ho pital, The University of Chicago 


-————- 


Discriminator bias settings 
A B Cc 


s , ~ 
}«.- Scaler + Scaler = 


Counting Rate (cpm) 





Bockground 


60 60 100 


Energy (arbitrary units) 


nena 


FIG. 1. Spectral-energy curves for tritium 
and C'' and discriminator bias settings of 
liquid-scintillation counter. Photomultiplier 
voltage was 1,130 volts. Curves plotted 
with discriminator ranges of 5 volts 











Renesas 


FIG. 2. 


for tritium and C 


Integral discriminator bias curves 





TABLE 1 Effect of Voltage 


100 
10-100 


10-100 


figure repress standard error 


and Discriminator Settings on Accuracy 


Standard ¢ 


ol four experiment 
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ANTON... 


where precision 


229 
Ratemeters 


The most precise laboratory ratemeter avail- 
able, Anton's 229 Series has 7 scales, in- 
cluding a single log scale from 300-50,000 
cpm with accuracy of better than +2% of 
meter reading above 1/3 scale. It has dual 
range input sensitivity and provides precise 
and efficient measurement of radioactivity 
in industry, research and medicine, 


700 
Survey 
Meter 


Portable laboratory or field survey meter 
(5; 5: 50 mr/hr full scale) is built to FCDA 
specifications—the only CDV-700 type 
survey meter which can be exposed con- 
tinuously to high intensity radiation without 
detector failure. Probe uses Anton halogen 
quenched, very thin wall, stainless steel 
counter tube, Accuracy assured from -55°C 


to +75°C, 
-_ 


44 
Ratemeter 


Low-cost, accurate, dual range (0-5000, 
0-50,000 cpm) . exclusive input design. 
Supplied with Anton long-lived, stainless 
stecl, halogen thin wall GO 
mg /cm*) counter tube or a wide range of 
other tubes, Unit features a jack for external 
construction and 


quenched, 


meters, terminal board 


oscilloscope connections 


6001 Sample Changer 


= 


For quick, accurate measurement of low in- 
tensity radiation. Designed for use of one or 
two Anton pancake type, high beta sensi- 
tivity, low background counter tubes, Pro- 
vides 2” lead plus 3/16” aluminum shielding 
in all directions, lowering the background 
count by a factor of from two to four. Makes 
possible counting geometry of nearly 100%, 


Write Dept. N1 for complete catalog of 
Anton nuclear tubes and instruments 


ANTON ELECTRONIC LABORATORIES, INC 


rag 





this channel can alse 
pulses with energi 
less than C’ 


Optimum Settings 


To differentiate between the two iso 


topes, a8 well as to obtain maximum 


reproducibility, it is necessary to select 
critically the proper pulse-height di 
oltage 


criminator and photomultiplier 


settings. To obtain the optimum 
tings, integral bias curve Fig. 2 
were plotted for both isotope 
optimum settings were determined 
the point on the graph at 
highest “contrast 
counts occurring in thy 
first channel) was obtains 
isotopes without an appre: 
counting efficiency in the 
Discriminator control 
channels was set at 

volts, the point at 
to-noise ratio was obtaines 
For the 


“upper-gate ”’ 


IBOLOpes 


econ 
discriminator 
set at the maximum pulse 
100 volts to 


background 


ting of 
pulse 
gamma radiation and co 
Therefore, the discriminator con 
quiring critical selection for th 
ratio is control B 
According to Fi 


position tor 


contrast” 
first channel 
most desirable 
nator B is 20-30 volt Howe 
20-volt region may be less ci 
to appreciable sacrifics 
efficiency in the first chann 
For selection of the photo: 
voltage, it will be noted that ar 
age lower than 1,000 volt 


suitable for double-label co 


a ‘‘contrast’”’ ratio of ur 
for tritium pulses by 
Also, any 
1,250 volts is 
the marked 
Therefore, the voltage wuld be 1,100 
1,200 volts. The drop i ‘ efficien 


be attributed to 
C™ pulses beyond the 


voltage 
uncle 


drop in eflicien: 


can 


discriminator when the photos 
voltage is increased 

For final selection of 
tings, combinations of pl 
voltages in the range 1,100 
and settings of discriminator bia 
trol B of 20-30 were investigated 1 
containing k 


a mixed sample 


amounts of tritium and C'* 

sults of such determinations are 
in Table 1. 
obtained with a 1,130 
plier setting and a discriminator rang 


112 


The gre iftest a 
volt photomult 


CUraCcYy Wa 


of 10-30 for channel | 1 |] 100 | 


hannel 2 
The photomultiplier voltage and d 


criminator settings will ary Irom in 


strument to instrument depending 


upon the condition of the phototube 
pe ol solvent sy 


should be 


necessary to 


electronic circuitry, t 


tem employed, eb It 


Mi il] by 


emphasized that it 


check the integral bias curves from 


time to time to note an shift 


Assay Methods 
We have 


counting the two isotopes 


used three methods for 
in the same 
ample to determine which gives the 
best They are the se 


simultaneou 


Accuracy reen 


ing, the equation, and 
methods \ 
ippled to an instrument of the Tri 


three 


the discriminator-ratio 

Carb type description of the 

procedures follow 
Screening method. This procedur 


requires counting both isotopes simul 
en discriminator and 
Chen the ¢ 


at a lower photomulti 


taneously at a gi 
photomultiplier voltage 
is counted alone 
plier voltage to sereen out all tritium 
pulses It is not possible to screen out 
ill tritium pulse 5 by holding the voltage 
constant and setting discriminator con 
trol B high 

The radioactivity fe 
calculated by 


vr each Isotope 
ipplying the fol 
OL dpm 


epm at low 


an be 
lowing formulas,:where C 
I] I dpm, N net 
voltage, N» 
hy iH 
H* efficiency at 
C'* efficiency at low 
cua 
hus A 
> 0, then 


net cpm at higher volt- 
efficiency at low voltage 
higher voltage 
voltage, and 
efficiency at higher voltage 


Hh 1. Ce If / O and 


Simultaneous equation method. I: 
this method, the photomultiplier volt- 
we was held constant Discriminator 
ontrol B was set so that an appreciable 
mount of both tritium and C'* pulses 
could be detected in both 


rhe discriminator 


channels 
range for the first 
to B and for th 
A to ¢ 


channel was from A 
econd channel from 

The activity of each isotope was cal- 
following 


culated by applying the 


formulas that were derived by setting 
up simultaneous equations to solve for 
the two unknowns \ 


channel 1, N- 
H* efficiency of channel 1, A. H 


net cpm ol 


net cpm ol ¢ hannel 2 


channel 2. a i] 


hannel 2, ¢ 


minnel 1, and ¢s 


iannel 2 


‘dpn 


H adpn 


hw 


Discriminator-ratio method. In the 


discriminator-ratio method, the photo- 


multiplier-voltage and discriminator 


ontrol setting are similar to those 


used ith the 
method 


simultaneous equation 
The discriminator-ratio pro- 
cedure circumvents the use of efficiency 
only as accurate as 


factors, which are 


the original assay of the 
C'*? standards 


This method uses the ratio of « 


tritium* and 


hannel 
2 cpm to channel | cpm, which are ob- 
tained from standard samples of each 
of the 


derived that 


isotopes. An equation is then 
discriminator 


instead of the 


utilizes the 


ratio for each Isotope 


counting efficiency as used in the two 
previous methods 
To derive th 
lating the activitie 
top V; net cpm ol 
channel 2, H net 
in channel 1, H/ 


inh ¢ hanne | 2, ( 


equations for calcu 

for each of the iso 
channel | 
\ net cpm of 
cpm of H 
of H 
in channel 1, Cy net 


net ¢pm 
net cpm ol ( : 
epm ol ( - 


Hf, and b ( 


ines 


Chen one can derive 


H 


Hi, 


channel | H efficiency 


also derive 


labeler 
tandard 
of Wilzba 
nat NasCO 
nal Burea 
ASS) 


chamber 


June, 1957 - NUCLEONICS 





. double-labeled compound using 


e discriminator-ratio method. The | ji deca 3 special products division — 


sample contained a known activity of 
10,800 dpm of H* and 2,928 dpm of C', 
Setting the photomultiplier voltage at mS. ; Seas? ne 
1,130 volts and the discriminator at nape EX be 
10-30 volts for the first channel and i 
10-100 volts for the second channel, 


... complete line of 


ae 


dependable, 
the following figures were obtained: | im 
N, 561 epm, Ne 3,759 cpm, a = low-cost, 


3.30, b 16.8, channel 1 tritium effi-| @ e 
clency tactor 0.0382 and channel 2 plug-in 


C'* efficiency factor = 0.816. There- 


fore, calculated by means of Eqs. 1 and . - 
2, the tritium activity is sca ers. 
5 » Tet 
16.8 & 561 — 3,759 / 
—_ , any kind! 


16.8 3.30 . pre 
118 cpm of H# He eae 
1S < 10,942 >a ex. eS from 20 kc/s to 20 mc/s 


0.0382 


? 
i. 


by means of Eqs. 3 and 4, the 
is 2,886 dpm, 


Reliability of Methods 


lo determine which method was the 
iable, twelve samples contain- 
rying amounts and ratios (H® 
‘dpm was 1-10) were assayed 

three methods The standard 

1¢ aSsay Was used as a criterion 

S.ke V/ Xd? nin 1), 

per cent deviation from 


‘an Decade binary preset? No matter what type s alers you 
The data is tabulated in 


need, contact Laboratory For Electronics manufacturers of the 
industry's most extensive scaler line! Each compact LFE scaler 


criminator-ratio method 


proved to be the most reliable of the features printed wiring, bright, easy-to-read display. And LPI 


theen methods ‘Thoatendasd anes ter scalers are low-cost . . each is competitively priced to give you top 
the tritium assay was 3.7% and for C™, dependability at lowest cost. 

1.6%. The larger error obtained by Counting Speeds of Popular Models 
the screening method may be attributed (Available with either 8- or 11-pin plugs) 


to the difficulty in eliminating all Binary Decade Preset 

tritium pulses when the discriminator 20 me/ 20 ke/s 20 kc/s 
ind photomultiplier voltage are 40 ke /s 40 ke/s 

only C™ 100 ke/s 100 ke/s 

I me/s 

10 me/s (exclusive with LFE ) 


iSsay 
»wer reliability of the simulta- 

equation method may be attrib- Features 

» the fact that it requires using ; 

nting efficiencies for both iso Decade or Individual Stage Low Cost — High Reliability 
Output Standard and Special Purpose 

Bright Neon Display Models 

Printed Wiring Externally Accessible Reset Bus 

TABLE 2. Accuracy of Methods Decade Scalers Available 9 or Zero Reset 





Outstanding Counters Welcome Comparison. 


Standard error 


for detailed specifications on standard models, request Bulletin 1700 
He 1 now. If you have special counting problems, write today to 


LABORATORY FOR ELECTRONICS, INC. 


75 Pitts Street * Boston 14, Massachusetts 


” 
7 
yus equation 4 
nator ratio 3 

figure represents standard error 


ples containing varying amounts 
ind carbon-14 activity. 
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NMC ) COMPLETE MONITORING SYSTEMS 


delamacteliolel4ii Ze 


AIRBORNE PARTICLES - GASES 
WATER CONTAMINATES (Soluble or Suspended) 


INDIANAPOLIS 





0.1 yp 10 
Isotope Ratio (dpm H3/dpmC'4) | 





FIG. 3. Effect of isotope-ratio variation on 
accuracy of assay 


4,f3,9 {3,7 
AIR F, - AiR topes six times Since the counting 


MONITOR P MONITOR efficiencies | only as accurate as the 
Mobile Mobile assay of the original isotope standard 
Model AM 3-A Model AM 2 


(moving filter ) (fixed filter) 
if there was a slight error in the original 


this may introduce an appreciable error 


“ay 
@ Records and warns automatically for periods up to one week, unattended 
@ Complete monitoring systems or individual units (illustrated) assembled 
from standard components Other Factors 
@ Custom built to solve any monitoring problem | t} { liabl It 
@ Designed for absolute containment of sampled radioac tivity - ony See Sree ee om 
@ NMC professional consultation included with each instrument eT 
necessar to consider the scintillator- 


double-labeled  ¢ ompounds 


solvent system, the Isotope-ratio and 


Nuclear Measurements Corp. radioactivity level of the sample 


Send fer 2460 N. Arlington Ave. + Telephone: LIBERTY 6-2415 Change in scintillator-solvent sys- 


FREC CATALOG INDIANAPOLIS 18, INDIANA tem. Each scintillator-solvent system 
has its own characteristic integral dis 


International Office: 13 E. 40th St., New York 16, N.Y 
criminator bias curves for tritium and 


Ue It is therefore essential that the 





discriminator and photomultiplier 





voltage settings be redetermined when 


ever the composition of a svstem is 


NEW, Pyrometer Indicator 


Null Balance, Potentiometer Type 


Mini Mire 


ch Lge d 
Isotope ratio in sample. [Effect of 


Bearararassars® 


iriation in the isotope ratio on assay 


reliability was also determined As 


RBS RRrearenasanssar 


an be seen from Fig. 3, for accurate 


vs H*® dpm/C'* dpm should be 


Has 23% Inch Double Scale 


Small Size Extremely small and compact, 
this null balance Portable Potentiometer Indi 


Minimum radioactivity level. It is 


of course essential that all sample 


tivities be sufficiently greater than tl 
ator weighs under four lbs. and measures . n ifficiently greater tha 
only 4" x 5" x 6" background rate For routine ra 
‘ “a \ AR ' ‘ Pp ¢ CK- 
BATTERY Scale Range Despite its small size the “Mini a ay it wa found that lor a ack 
, y 7 \ ¢ Ane Mite” has a 23'4 inch double range scale ground counting rate of 40 and 60 « pm 
yy fey There are 15 available scales for all stand for channel 1 and channel 2 discrimi 
/ ard thermocouple materials. These scales : 
nators, respectively, and for a counting 


Therme t P 
ye ma include temperature ranges from 300°F 
, to +3200 F. and millivolt ranges from O period of |e than 30 min, thy sample 
4 y/ 1%, ; ' 
to OS. Mocewing Gcewracy © oF of to-background counting-rate ratio 


scale range 
ve no less than thre 


Dual Application The “MiniMite’' can meas 
ure temperature directly when connected to ‘ * 
a thermocouple, or check other potentiometer 


or millivoltmeter-type instruments when used authors wish to acknowledge 


assistance o} V casera Roge 
Roh-Leong Tan We are indebted 
Write for Bulletin 64-K. Mr. Leo Slatery of the Packard Inatru 


Thermo Electric @.inc aie Ge sgeemen 


SADDLE BROOK, NEW JERSEY BIBLIOGRAPHY 
In Canada — THERMO ELECTRIC (Canada) Lid., Brampton, Ont. ‘ 


as a calibrating instrument 


@ SSS SSRRERRRER ERR Ree eeeehEReeeseeean: 
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Du Mont |2-stage Multiplier Phototubes 
provide the high gain of 12 stages plus 
outstanding stability to assure uniform results 
over long-term use. Du Mont | 2-stage 
Multiplier Phototubes are available in 2°, 3° 
5", 12" and 16” sizes 

You can always count on Du Mont 

Precise Photoelectronics to do 


the job right — every time 


Precise PHOTOCELECTRONICS 


Industrial Tube Sales, ALLEN B. DU MONT LABORATORIES, INC. 2 Main Ave., Passaic, N. J 
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EXPORT 


SALES AGENT FOR 


NUCLEONIC 


AND 


ELECTRONIC 


INSTRUMENTS » COMPONENTS 





TRIL 


TRIL is the magic word for the fastest delivery 








of Nucleonic and Electronic components the 
world over. TRIL means Terminal Radio Inter 
national lid., leading U. S. in-stock export 
distributor and export sales agent for Amer 
ica’s largest manufacturers of Nucleonic and 
Electronic Equipment 

And, TRIL means §-P-E-E-D because TRIL deliv 
ers your order F-A-S-T-E-S-T own 
completely stocked warehouses 


VICTOREEN PRODUCTS 


from our 


HI-MEG RESISTORS 


Sub-Miniature Vacuum Type 
AX-1 (type 249) 


\ 
100 megohms to 100,000,000 megohms 
SUB-MINIATURE 

VACUUM TUBES 

COUNTER TUBES 

VOLTAGE REGULATORS 





MEDICAL 
RADIOLOGICAL 
INSTRUMENTS 


PERSONAL 
AND AREA 
DOSIMETERS 


CIVIL DEFENSE 
RADIOLOGICAL 
SURVEY METERS 





SPECIAL PURPOSE 
AND 


PHOTOMULTIPLIER 
TUBES 


xen r* ® 
Your request for technical bulletins and price 
quotations on all your Nucleonic & Electronic 
requirements will receive our prompt attention 


TTT 
INTERNATIONAL Ltd. 


135 Liberty St., New York 6 N. Y 
WOrth 4.3331 © Cable TERMRADIO 





NUCLEAR ENGINEERING NOTES 


reactor can now be scrammed by a device that 1s 


Reactor Fuse: New \ 
Safety Element independent of 


electrical or mechanical power source. 


The reactor fuse, being de veloped by Atomics Inter- 


national, is located in the core If the neutron flux level becomes excessive, or the 


reactor coolant is lost, a solder plug melts and boron trifluoride (enriched in B'®) 


expands from a small upper chamber into a large lower one (see cut The gas, in 


expanding into the lower chamber, increases in neutron-absorbing ability by a 


factor of 3-5 because of decreased self-shielding 
Here is how it works: The tube containing the solder plug is made of uranium 
oxide copper compact ~25 wt% VO 


The Ut eo 


a stainless-steel resistance pad that is bonded to the ‘aluminum container 


intered and coined to a high density 


is enriched in [ Fission heat from the uranium is removed through 
wall 
Across the resistance pad main- 


If the 


the fission heat raises the tempera- 


At normal flux levels, the temperature difference 


tains the tin-silver eutectic plug somewhat below its melting point. flux 
level becomes excessive or the coolant is lost 
ture of the plug to its failure point so that it is ejected by the high-pressure BF 
> elective 


High speed of gas expansion makes the reactor fuse 90‘ within 150 msee 


after the solder plug melts The burned out fuse must be re placed of course 


/ 


Heater tube 


CUTAWAY VIEWS of reactor fuse showing details of gas storage chamber (upper left) 
and of trigger assembly (lower right) 


cheme that would allow any reactor to be operated 


New Power Source? subecritically has proposed by Lyle B. Borst 
Head of the Physi New York Univer- 


Convergatron would maintain the neutron flux in the 


Subcritical Reactors A 
been 
Department 
ity A device called the 
uberitical reactor at 


a level determined by the neutron contribution from a small 


external neutron source lhe reactor could then be directly controlled by adj ust- 


ing the external source strength and could be turned off simply by removing the 
ource 


At the 
ver Borst is optimistic about th 


moment the design of the Convergatron is still in the conceptual stage. 
olution of the engineering problems that 
He feels that his 


conomic advantage for commercial 


Howe 


would arise in incorporating his device into a reactor system 


propose d scheme would lead ¢ ventually to an ¢ 


power reactors by eliminating expensive safety features such as elaborate control 
systems and containment vessels 
Convergatron principle. 


critical system behaves as 


The Convergatron based on the principle that a sub- 


i neutron amplifier. Ifn neutrons are introduced into 


= 
the system from_an external source the system will yield a total of n/1-k neutrons 
where k is the reactivity. Thus a subcritical assembly is like an amplifier with a 
gain of 1/1-k. 


ranged in such a way that the neutrons produc ed in one 


The Conve rgatron consists of a string of subcritical svstems ar- 


system act as source neu- 


June, 1957 - NUCLEONICS 





next one and so on. The over-all amplification of the series is then 


uct of the amplification factors of the individual stages (multiplied, in 
an efficiency factor to take into account unavoidable losses between 


Thus for eight stages each with k 


0.9 the over-all amplification fae- | 
1 ix close to 10° 


lea is to use an external neutron source as the input for a Convergatron 
ed the greatly amplified output into an ordinary reactor that is kept sub- 


rhe reactor will then operate at a neutron production rate that is some ’ 
f the Convergatron output. Since this output in turn is strictly deter- for low-level 
the Convergatron input, the reactor neutron flux level alpha detection ¥ 


el will be related 
» the neutron source strength at the input 
consists of three regions: 


: (1) a region of pure neutron moderator such T A 
or graphite (2) a region containing fuel, uranium or plutonium and (3) a co. use the new / 
eutron barrier such as cadmium, arranged in ¢ 


yelic order Fast neu- 


fission of uranium in the fuel zone penetrate the ¢ vdmium barrier ' SAMSON §-12 
owed down by the moderator to become thermal neutrons which acti- 
ext fuel zone. Those fast neutrons starting in the reverse direction are 
vn by the moderator until they can no longer penetrate the cadmium 


iel zone receives neutrons from the preceeding stage Kach succeeding 


therefore operate at a higher power while still depending upon the pre 
ling stage for its excitation, 
Preliminary design. 


T 


il 


Although a detailed engineering design has not yet been 
sorst has made preliminary estimates that indicat 
ize for the Convergatron system, For 
vod of 10'® n/em?* see 


“a re asonable 


a reactor with a flux in the 
he believes that eight amplif 


ing stages would be 
ta-Be source were used at the input or si 


i strong \ stages if a Van de 
An amplifying stage might be in the shape of a disk, 1 ft thick 


in diameter. Eight amplifying stages stacked together would then | 
nder 8 ft long The total fuel inventory would amount to 16 kg. 

iry advantage of the system would be its inherent safet Since the 
er could be completely controlled by the neutron source: 


iking the reactor critical would be absent from t} 
rf the 


used 


fi 


control rods 
design. Thus all 
stem could be designed to be permanent! iberitical and hence 
r of the operator losing control of the chain reaction is removed 
the engineering obstacles is that the power produced in the last stage of 
rgatron is a significant fraction of the total power. I 
propel has i k 
the reactor 


() Mw 


for instance, the 
0.95 then the last stage must supply 5% ol the neutrons 
If the total reactor power is 300 Mw then a power of the 
is implied for the last stage An engineering design is needed that This portable, battery-operated 
t the removal of this heat without adding to the complication and cost survey meter is factory calibrated 
directly in disintegrations per min 
ute for uranium alpho particles. It 


may also be used to detect low 
(1) Moderot 


level beta and gamma radiation, 
(2) Fuel 


and can be calibrated by the 
(3) Cadmium user for this purpose. + + + The 
Samson combines maximum 
sensitivity with high stability 
to provide the finest instru 
ment of its kind for checking 


contamination of benches, 


Power 


reactor ‘ Write for complete catalog 
¥ () 9 


iy 


Be \ floors, and walls 
| 
] 


entitled, “Instrumentation 
for Nuclear Research.” 
foge ({ onvergoatron 


SUBCRITICAL REACTOR operation is made possible by addition of Convergatron - SS T ab H | ICA L 
snit. Neutron production from Ra-Be source is amplified to provide extra neu- ; 


trons needed to sustain flux level in subcritical power reactor ASSO C | AT ES 


of this efficiency factor and therefore the 
Borst plans to make more ac 
ind Monte ¢ 
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actual amplification per stage 
curate calculations of a: 


pification using 
arlo techniques, 
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Magnetic Jack—a New 
By JOSEPH N. YOUNG 
C t | D e MA h e irgonne National Laboratory 
onrro rive ecnanism Lemont, Illinoi 


We needed a control drive that would 
yperate reliably in a water cooled re- 
ictor. The first drive we designed had 
i ball-bearing screw driven by a canned 
rotor motor and a roller scram latch 
ictuated by an electromagnet. This 
required many precision parts, some of 


onnector for 


which were of cobalt alloy The final 
ontrol rod 
design was expensive and unreliable 


It became apparent that it is not prac- 
tical to operate a complicated, precision 


dia 
mechanism in water. 


ft coil Work was then begun on the design 


tf an electromagnetic drive ¢ mploying 


aa ” magnetically actuated gripper mecha 
ressure sne s 
, nisms his device gave somewhat 
Armature ->— =" ear 


encouraging results, but showed that 
Nonmognetic : 
even simple mechanical mechanisms 


Y, 


ire not practi il if they must carry 


7, 


load in water 


A method of gripping magnetically 


v7 


Grip coils 


vithout the use of a mechanical gripper 


J. 


Custten mechanism, has been evolved lhree 


models of this t pe have proved very 
itisiactor in extensive testing We 


2 


ill this type of mechanism the mag- 


j ae k 


Functional Description 


Se SSS SS SY SSS] SSL Se 


Pull-down coil ‘ Iessentiall the magnetu yack con- 


iry magnet coils, and one internal moy 


(" hi ists of a pressure shell, external station- 
A 


External ing part that imparts linear motion to 

magnetic rr 

path | : a bundle of drive rods he control 

, rod itself is attached to the drive rods 

The rod is moved in precise steps by 

itching the four sets of coils on and 

Section B-8B oO In a certain sequence The motion 

Pressure 
shell 


| 


seul imp) by reversing the 
puenes ‘| he rod is he ld stationary 


topping the switching The rod is 


FIG. 1. Magnetic jack for installation be- 
low reactor vessel. System of coils can be 
energized in turn to jack control rod mag- 
netically. Neutron-absorbing portion of 
control rod is at top end in operation. 
Pushing rod up through reactor core with 
magnetic jack removes neutron absorber 
from core. Turning off power to jack al- 
lows neutron absorber to fall back into 
core by gravity 


Section C-C 














vhen the current to the coils 


ff or fails 
tion of the control-rod assem- 
s thru the magnetic jack 
ignetic and able to expand 
cluster of six round rods of 
nonpermanent!) stainless 


n Fig 


this 


| is One arrangement 
The 


s fits loosely in the center 


requirement, 


except when the current to 
The 
s pull the rods out radi- 
wall of the 
attraction 


grip coils is turned on. 
d them to the 
DY magnetic 
The grip coils pull the 
ill of the armature so that 
e if the armature moves 
ture has an axial clearance 
nes the length of the step 
The 
of step length is 0.02 


-motion, linear motor. 
he large coil at the top end 
iture lifts it up, and the large 
bottom end of the armature 
f it doesn’t drop by 
end coil con- 


ture and the 


ort-stroke solenoid which 


stronger pull than an 
the 


power because of the 


g-stroke solenoid for 
nt of 
t flux gap lor the pro 
nin Fig. | 


tion of O.15 


ind for a coefh- 
the 
of eight holding magneti 


combined 


the force of the lift magnet 


the sequence for 
four sets of coils off and 
the rod in steps 


Advantages 
e must pertorm the 
a) move the rod 


nics 18, No. 6 


Use in Other Reactors 


Several variations of the design described 
here are available for different applications. 
One, for unpressurized research reactors, is 
a low cost magnetic jack which uses stand- 
magnetic-relay parts. Another has the 
feature of requiring very little head 
room. It consists of a cable drum, an elec- 
tric clutch, an electric brake, a rotary sole- 
noid, a helical potentiometer for posi- 
tion indication—all on one shaft. This ro- 
magnet jack operates similarly to the 
linear magnetic jacks, except that the re- 
turn spring on the rotary solenoid replaces 
the pulldown system. 

It is noteworthy that variations in length 
of rod travel for different application can 
be accommodated merely by installing a 
rod and pipe on the same 
mechanism. 


ard 
udded 


and 


tary 


longer drive 


drive 
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Switch Com Rotation for Stepping Rod Up 


_ ues 
Degrees O 45 90 (35 180 225 27035 360 








Degrees 45 


- _ 
Sitch Cam Rotation for Stepping Rod Down 


FIG. 2. Starting with rod held station- 
ary (only hold coils on), to step rod up, 
pull-down coil is energized to ensure 
that armature is down; grip coils are en- 
ergized to adhere drive rods to arma- 
ture, hold coils and the pull-down coil 
are de-energized, separately, with drive 
rods held to armature but free in jack; 
lift coil is energized to lift armature, thus 
moving rod up one step; hold coils are 
energized to hold rod stationary; grip 
coils and lift coil are de-energized 
to complete cycle. To reverse motion of 
rod, sequence is reversed. One simple 
cam actuctes all four sequencing 
switches 


in either direction at a controlled rat 
b) hold the rod at a fixed position; (« 
indicate the position of the rod; (d) be 
able to release the 

At the 
omplish these 


under 
the 


functions 


rod quickly 


any condition ime time 


drive must ac: 


precisely without failure over a long 
lubri 


with 


period of time with or without 
cation; operate in a 
littl 
build and maintai 
Tests show that th 


these 


Space 
cooling and be economical to 
magnetic jack 


meets requirement idequatel 
intages 
jack 
during ex 
models that 


important 


and has the following ad 
Reliable. The m 
never failed mee 
tended tests of the three 
been built Phi 
since the intertor of the 
sealed off 


the reactor 


inet has 


hare illy 


have 
mechanism 1s 
located near 
I hola the 


ancl the wh 

The jack 
at any given position a 
hold 


rod 
the grip 
with 


hong is 


und /or ipplied 
current 
Failsafe. Allof the failure 


ft the 


encoun 
thre 
The 


rod to drop 


tered during the 
magnetic jack vere electrica 
failures either 
back 


or did not 1) up: the never 


prevented the dropping 
Rugged. The rod can b 
ends of its 


T he 


regripped 


driven 
against the stop ‘ 
travel and the drive d rod 


can be released and then 


while dropping. Overloading, such as 


from a mechanica ock, would cause 


some slippage, but no damag If a 
rod becot ( it can be 


equ il to the 


control 
driven down wit! 
lifting capacit) 
Long lived. Alt! 
wear during oy 


jugh there is 


the parte can 


35 90 45 | 


These leading companies use American 


decontamination equipment 


The Babcock & Wilcox Co 
Dow Chemical Co 

General Electric Co 

Goodyear Atomic Corp 
Holmes & Narver 
Mallinckrodt Chemical Works 
Monsanto Chemical Co 
National Lead Co. of Ohio 
Phillips Petroleum Co 
Westinghouse Electric Corp 


lo safeguard th 
plant employees 


to radioactive and 


health of 
work 


towKn 


Lynchburg, Va 
Denver, Colo 
Richland, Washington 
Portsmouth, Ohio 

Los Angeles, Caiif 

St. Louis, Mo 
Miamisburg, Ohio 
Cincinnati, Ohio 
Idaho Falls, idaho 
Pittsburgh, Pa 


nucieat 
clothing expo ed 


material riust 


be decontaminated and washed 


The 


( ompany 


American 


of automatically 
laundry equipment es 
nuclear plants of any 


modern, eflicient 


For comple le informatt 


the ato 


imerican erie 
energy field write for 


Bulletin 2642? 


Laundry 
has developed " 


controlled 


ve ofr 


laundry 


Machinery 
omple te line 
labor 


cially to 


wink 
provide 
type with ; 


installation 


mn 


You can expect more from 


@ 


merican 





“With the right qualifications,” 
says Dr. Frank C. Brooks, 
Director of the Combat Oper- 
ations Research Group of 
Technical Operations, Incor 
porated, “‘ascientist who want 
to grow fits in here. We're a 
growing research organization 
with freedom to think, in an 
atmosphere of creative oppor- 
tunity. Right now, at Fort 
Monroe, Va. and Monterey, 
Calif., we're looking for an 


Applied Mathematician 
or Logician 


who combine lrong back- 
ground. in logic and mathe 
matics, with a knowl. dge o 
computer logic and ¢ rperience 
in computer application We 
also need an 


Experimental or 
Theoretical Physicist 


preferably on the Ph.D. level 
with two years of experienc: 

/ } 
beyond the degre 


‘ 


The positions at Fort Monroe 
are on research and analysis 
teams tackling theoretical 
problems in military organi 
zation and tactics, using com 
bat models and war games, At 
Monterey, the emphasis is on 
the experimental study of 
combat, using the techniques 
of design and analysis of 
experiments and high speed 
computing.”’ 


Addré 
ROBERT L. KOLLER 
Operations Research Group 


TECHNICAL OPERATIONS INCORPORATED 


South Avenue 
Burlington, Massachusetts 


take a lot of wear before malfunction 
occurs. Unplated stainless-stee| rods 
seem to be adequate however, chrome 
plated rods would last much longer. 
Dirt proof. 


large clearances. 


All moving parts have 
Wear particles and 
foreign matter that happen to get into 
the mechanism wil] drop through or 
collect on nonconta ting surfaces, 
Maintenance free. No lubrication 
or adjustment is required, The coils 
which have some chance of failure, are 
removable by merely 
the Jack 


vay from the reactor and can easily be 


lipping them off 


The power supply is located 


replaced 
Sealless. since power and control 
is transmitted to the drive by mag 


pressure shell. ne 


netism through the | 


urized electrical cor 


haft eals or pres 
nections are required 

Inexpensive. The cost of building 
the magnetic jack and the power supply 
was $2,900. The mechanical part 
could be made in an ordinary machine 
shop, since the parts are mple and do 

\ 


not need to be precise VO expen 


materials are requires 


Limitations 


The test results ha 
the following limit ition 

Limited position indication. s& nee 
there are no shafts or rods coming out 
through the pressure shell, the posi 
tion of the rod mu be determined 
indirect] 

Limited position adjustment. Th 
Inagnetic jack moves the rod in te} 
OF Increments, and the steps cannot be 
ery small unless a ver ow rod tra 
is desired 

Limited shock resistance. \\ ith the 
parts tree of oil and with both hold and 
grip coils on, the holding capacity 
about 1,400 Ib Assuming a 60-lb con 
trol rod and a 40-Ib drive rod the jack 
can resist a l4g shock whils holding 
and a 6.59 shock while moving the rod 
(sreater shock load 
ods to slip slight] 

Limited lifting capacity, 
ha & maximum lifting capacity 
about 800 Ib and a rated iting cap 
ity of 600 Ib 

Limited speed. Although th: rod 
can be dropped rapidly, the may 
speed with which the rod ean he 
in either direction 


6 in./min 


Operating Characteristics 


lo determine its perating chara 
uunted below 


20-ft-high pressure that simu 


istics, the jack wa 


lated a boiling-water reactor. The top 
of the vessel contained 600-psig satu- 
rated steam The rest of the vessel 
including the jack, contained 600-psig 
water at 488” F near the top and 80° F 
The lower 4 ft of the 
vessel, which simulated th thimble 
The thimble and th 


jack were cooled by ambient (75° F) air 


near the Jack 
was uninsulated 


The total load imposed on the jack 
was 220 Ib and the speed at which the 
load was moved was 30 steps/min 
Che power used for lifting the load was 
670 watts and the power used for hold- 
ng it was 160 watts 

The jack was tested for a period of 
o months, of which 3.150 hours were at 
O00 psig and the remaining 450 hours 
pressure. The total 
tep-motion travel was 18,300 ft. Th 


it atmospheri 
total number of fast return strokes 
crams) was 2.200 

The following are th results of the 
operating trial 


Powerrequirement. Figure 3 shows 


the minimum power required to lift, 


erip and hold various loads. Usual 
about thre times 
Thus, the 
input power for lifting was 


volts d Cc. 


operating power! 
the minimum required 
iverage 
1075 watts at 86 

Lifting speed. The magneti: jack 
operates best at speeds of less than 15 
teps/min. Higher rates caused a de- 
rease in step length, thus automati- 
cally limiting the speed of rod with 
drawal to about 6 in./min. Most 
the testing was done at a speed of 2 
in./min 

Step length. 


nisin was new, the 


When the jack mecha- 
coefficient of friction 
sabout 0.15 Operating the mecha 
nism with water in it for several days 
nereases the coeflicient of friction by a 
This is probably 


due to thy removal of the last trac ol 


lactor of itbout thres 


lubricant and/or the formation of iron 
When the jack was new. the 
tep length was 0.075 in. up and 0.083 


oxide 


n. down After everal days operation 


ar ipping 


Holding 


400 800 200 600 
input Power at 210*F wotts 
FIG. 3. Power requirement for mag- 
netic jack. Data obtained on test stand 
with jack containing unpressurized water 
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GENERAL TRANSISTOR 


MEETS NARROW PARAMETER SPECS 
FOR COMPUTER CONTROL COMPANY'S 


ONE SHOT MULTIVIBRATOR 





RELIABILITY WITH SAVINGS 
GAINED BY G. T.'S ENGINEERING 


Complete reliability, performance, space and weight limits 
and competitive price were the requirements of this trans- 
istorized module for digital systems manufactured by the 
Computer Control Company. The application required narrow 
parameter spreads. 


General Transistor met and surpassed these very tight specs 
with their GT-122 high current gain PNP type transistor 

This problem was solved by “GT's” engineering skill and 
transistor “know-how” coupled with advanced production 
techniques plus the enforcement of strict quality controls. 





As an added service “GT” engineers designed and constructed 
a special test circuit which enabled shock and vibration tests 








to be performed and environmental conditions created to assure 
the customer complete reliability under extreme conditions. 


This is just one more example of why General Transistor is 
the fastest growing name in transistors. 


Send today for complete technical data and specifications. 


GENERAL TRANSISTOR 


o R P ©) R A T ! °o N 


91-27 138TH PLACE 
JAMAICA 35. NEW YORK 
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MEMORANDUM: 





From the Desk 
of the President 


To: 


Purchasing 


Department 





Investigate Davison's 
entry into the 

thorium and rare 
field. 
Stand they are pro- 


earths Under-~ 
ducing materials 
which should be of 


interest to us. 





They have a 


- 


de- i 


prod- 


reputation for 


pendability of 
‘ 


service, : 


| 


ucts and 


Two plants, one at Pompton 
Plains, N. J. (formerly Rare 
Earths, Inc.) and one at Balti 
more, Md. are in 
Your inquiric § concerning 
products, samples and research 
and development services are § 
welcome. 


operation 


Progress Through Chemistry 


DAVISON CHEMICAL COMPANY 


Division of W. R Grace & GS 


Baltimore 3, Md. and Pompton Plains, N. J. 


192 PP 


with water in it, the step length 
0.080 in. up and 0.082 in 

After 
temperature of the hottest 


coil was 260° F and the hottest part of 


down 


Heating. running continu 


ously, the 


the outside surface of the 
195° | After 
the temperature of the hottest coil wa 
210° F. 


Fast return stroke. Thy 


jack was 


holding continuously 


delay time 


che pe nds upon the method of shutting 
off the power and the amount of excess 
With ordinary 


to the 


holding power break 
ing of the d-« 
vith twice the 


the delay 


power cous ind 
required holding fore 
time wa ibout 20 msec 
The fast-return action of the multiple 
ver failed 


ure the 


rod type magnetic jack has n 
The release characteristic sari 
after holding several days as they are 
after holding only a few seconds 
Weor. Wear ranged from 0.009 in 
on the drive 


all other 


rods to negligible wear on 
The cushior 


till service 


component 
washers were pitted 
able the 


is safe assumption that 5 months 


hut 


since wear Was 80 slight, it 
re pre 
sents a small fraction of the useful life 
of the magnetic jack 

Dirt 


parts 


accumulation. ‘The interna 


became covered with a black 


powder, probably oxidized wear parti 


The re 
contacting surlaces 


cles was no dirt buildup on 


Malfunction. There were no ma 


functions of the internal parts. Ivxter 


nally, the flange gasket leaked on two 


and a lead wire to one of the 


There 


powe! 


OCCHBLONA, 
afew breal 


These 


coils shorted 
the 
difficulties are 


were 
downs ol 


supply 


be Ing reme dv d 


Position Indication 


Position indicators used with the 


magnetic jack are of the electromag 
2 i] 
PASI 


Cl the 


coil t pe 
it hits ov 


netic, stationary 


they consist of a coil th 
nonmagnetic portion of the pressure 
hell, The 
and long enough so that a parti 


in the 


rods which are magnet 
ilW i 
increase the impedance 


\lea ul 


ition ol 


coil 
the coil as they move into it 
ing the impedance gives the po 
th rod, 

y diagram 


yatem The coil is 


Figure 4 shows the wiri 


the basi« mack 
constantan wire so that changes of ten 


perature affect its resistance on 
lightly 

lo calibrate the system, a shorter 
standard coil is added s coil 18 lo 
cated so that the rod alwa 


il so that it 


s extend 
through and beyond the 
is effected by 
of the 


the magnetic properti 


rod but not by the movement « 


reading. To 


Thus, the 


calibrated with the rod in any position 


the rod system can be 


Figure 5 shows the wiring diagram for 


this two-coil system. Calibration is 


swccomplished by switching from the 
and 


the 


position coil to the standard coil 
the rheostat to make 


meter read a gi 


idjusting 


en value 





| 


FIG. 4. One-coil position indicator 
To provide linear indication of position, 
each resistor of bridge circuit has same 
d-c resistance as coil 





VU0 


OI PN Pees 


VY 








OLE Lele Zezp.| 


FIG. 5. Two-coil position indicator 
Calibration is accomplished by switching 
from position coil to smaller standard 
coil and adjusting rheostat 
meter read specified value 


to make 


The preceding 


vnusates for all 


arrangement 
iriables except 

ition in temperature along the leng 

the 

multiple-coil system shown in Fig. 6 

used The 

error is reduced in thu 

i shorter length of rod affects 

As the end of the 

of coils to the next 

ils are switched out of the 

and the active 


] 


1) a selector switch 


of the rod To minimize this error 


in tn temperature-vari 


stem 


rod moves 
the 
coils are switched 
The se 


indicates 


circuit 
ector 
the 


tch setting roughly 


rod position The meter gives the fin 


provide a fairly 
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iMnenar 





ding, two adjacent coils can 
is one coil, but switching is 
from one single coil to the 
give an overlapping effect 
of the multiple-coil position indi- 
hat has been tested uses a coil 


g Sin. It is accurate to within 
n. over the full travel and shows ‘ 
ement with an accuracy of 1% Vout Best Nominal 
Greater accuracy can be obtained by Inches Size 
ising a greater number of shorter coils, 12x12 


| the disadvantage of this is the Source Is et 


of using more wires from the 36 x 36° 
control-rod drive to the control room 48 x 48° 


operation of the selector switch 
e rheostat can be made auto * Con be furnished 
c, but this has the disadvantage of | in Ya sheets 


liring a more complicated receiver 











HERE’S WHY: You can DIAMETER INCHES 
order in quantity and in a 

: : A “Ae 

a wide variety of sizes— % 

° > % 1% 

and be certain of complete) y4 1% 

° ; ¥ Vy; 

uniformity throughout. % 1% 
Our strict density control “ 3 

% 2% 

assures you thoroughly 2% 


PROT Py hy 


NO OQ Dw Nw 


i 3 
non-porous Teflon- Other diameters 


on spec ification 





free from any flaws which 
might possibly affect 
your end use or product. 
Dimensions are accurate 


to your most critical 
‘ TYPICAL SIZES 
tolerances—no rejects, INCHES 
FIG. 6 Multiple-coil position indicator. waste of material or loss 0.0. 10 
To read position, selector switch is turned : ‘ Va 
toward side where meter points until of time. You get product “% 
meter reads in active zone Meter : “a : ” 
Poco urit leflon at its 
reading is added to reading of switch. P 4 : % 
To calibrate, selector switch is turned best in every one of its 
left two notches from notch which makes 
meter read in the active zone. Rheo- 
stat is adjusted to make meter read in- Delivery is prompt— you 


nity get the quantity you Characteristics of Teflon 


want when you want it. CHEMICAL 

~: , one Completely inert. 

Since the availability of ELECTRICAL 
Very high dielectric strength. 
: Extremely low power factor. 
pping coils can be used, In engineers have worked THERMAL 


the position would be read . - Temperature range 
with Industry to successfully 300" te +$00° F. 





remarkable characteristics. 





nate the need for a selector 
rp ee . ” 
separate meter for each pair lefion, ‘John Crane 


the meter that reads in the a 
aes coin de eit el solve innumerable problems and MECHANICAL 
pee Mose: ; 2 - ‘ ‘ : - Strong, flexible, weather 
| by making one of the other develop new applications. You can encletant: 


ead infinity. benefit from their experience LOW COEFFICIENT OF FRICTION 
measurement of the rod posi- pry eeeey ee Absolutely non-stick 
not essential, the meters men- : * DuPont Trademark 


e can be replaced by lights 
: ' . Request full information and ask for our bulletin, The Best in 
bration rheostat eliminated 


Teflon. Crone Packing Co., 6449 Oakton %., Merton Grove, Wii., 
(Chicago Suburb). 


ystem, using a coil length of 
heen tested It was easy to in Canada: Crone Packing Co., Uid., Hamilton, Ont 


e the rod position to within 1 in 





iovements of 0.08 in. caused 





hange in light intensity. 
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Redundancy, Coincidence and Built-In 


Testing Lead to... 


Reliable Reactor Protection 


\/o 


Canada ha tk 
tent 


moderated 


concentrated 
reactor 
only slightly enriched 
This 
that are 


power density) to 1 


combination re 
hight rites 

of the expensive hea 

flu A his 


derable 


rating implies a high 
results na very 
of Xe'* after shutdow: 


alter an unnece il 


Con 


CTU CAUM 


an electrical failure, a fairly rapid rate 


of increase in reactivit 
bole in order to overtake the 
XCHON Poison 


This 


their 


characteristh: up 


quite mall temperature coeffi 


minke 
much 
control systems than are some 
typ We ha 


I 


thoro ight 


cients Canadian reactors nec 


arily more dependent on thei 
reactor 
explored ver 
bility of 
that are adequately safe 
rather than rely on 
that reduce the ser 


kk vi loping control 


n then 


sequueNnces ola control tel ! ine 


By E. SIDDALL 


Enerqy of Canada Limited. Chall 


efforts to this 


ulted in the 


Marly meet 
ment re 
number of protecti 
vere designed to be 
Many re 


pects is po 


evitable result was an exc e number 


f cases in which the reactor wa hut 


down he ause Of minor trouble in the 
electrical circuits and instruments 
The =) effort led to the use Ol 


protective 


early 
channels of the 
In this scheme, the 
pal trip instruments are duplicated and 


different | 


Ll tne 


ty pe show I 
in Fig. 1 prin 


onnected to two trip 
0 that both communication channel] 
from the instruments of a pair to the 
disabled 


tem as 


cireuit, must be simul 


before the 


final 
taneously a whol 


i di abled 


There are however ore eriou 


hortcomings in protective ystems ol 
the type shown in Fig. 1 


(ii The 


tem at a 


actual condition of the 
all ob 


re sponsible 


given time is not at 


ious. Thus. the person 
lor operation will usually be dependent 
on the advice of a pectal instrument 


technician 


Performance of Systems with Redundancy* 


ty It i” 


tire system In operation 


to test the en- 
of the 
tested 


not possible 
Pome 


individual instruments can be 


but this necessitates disabling and 


instrument and 


that it 


disconnecting the 
may not be 
Also 


in Ope ra- 


there is a danger 


restored to ser correct] 


ince a power reactor will be 


long periods, the probability 


stem ha 


tion for 


of the sy ing deteriorated since 
t test can be appreciable 
Man used at the 


have bottlenecks at 


systems no- 


ment obviou 


hich a relativel imple deliberate ic 

an disable the 
points XY and } 
ple If these are 
rate 


protection Ihe 


in Fig. |] are an exam- 


energized by a sepa 
Voltage SOUTCE or connected di 


rectly to the 
disabled 


batter the whole system 


Vithout the fact 


being 
ious 

This situation gave rise to serious 
oncern about the reliability of reactor 


protective ystem 


| Pince equipment 
insufficient to 


the 


ements seemed 


meet the 


mpro\ 
problem in immediate 


future, new philosophies of control 


tem design had to be evolved 





Probal 


Vo 


iqna 


Vo. of 


ubaystem 
complete 


* Definitions of 
n frequency of unsafe 


symbols 
Ne safe failures (20 
due to overhaul (50 


l'ypica 
accident because 


abled 


robatility of 


jatem sod 


parenthesis i operation ol 


ib 1 (2/yr) lailure in each 


VT), Te trips with overall teat 


ergencies requir- 10 sex t triy 


yr tu 
without over 
ife failures 


overhaul (0.5 hr 
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FIG, 1 Double protective system employs 
principle of redundancy—warning from 
either instrument of pair trips circuit. 
Weakest point in logic of this scheme is 


single circuit that energizes holdup magnet 


Redundancy and Coincidence 


philosophy was partly 


the 


coincidence 


The new 
led in the 


f redundancy 


form of princi- 
and 

principle of redundancy provides 
fety in numbers” in reactor protec- 
stems. Obviously, only one in- 
monitor a 
If only 


trument is provided, however 


nt is necessary to 


transient phenomenon. 
unsafe 


it instrument fails, an 


on may go undetected If, on 


hand 


ure provided to 


instru- 
the 


the maloperation 


two or more 
monitor 
henomenon 
nstrument will not prevent an 
ondition from being detected 
the safety of the reactor system 
reased by each extra, or redun 
nt, instrument 
double system of Fig. 1 is an 
of redundancy Each instru 
subsystem can show a safe or 
ondition so that there are four 
mbinations of output One 


both showing safe-—is taken 


as indicating safe, and the 


other three 
It is, 
the 


system that both instruments or sub- 


are taken as indicating unsafe 


however, possible to so arrange 
unsafe before the 
This 


reduces the safety 


systems must show 


scrammed Increases 


but 


reactor 18 
the reliability 
and would be suitable for trip instru- 
when the 


ments only consequences of 


unsafe failure were not too severe 

The next stage is to use three instru- 
ments or subsystems, which makes pos- 
sible the use of the principle of coinci- 
This 


SuVing 


principle 
that 


dence 
the old 
hett« I 


heads 


one.” If 


“two 


more reliable) than 


any one instrument can actuate 


safety devices, the reactor can be 
ssarily because of the 


The 


reactor system can be 


scrammed unnec 
maloperation of one instrument 
reliability of the 
however, by 


increased requiring that 


two or more of the instruments must 
agree that an unsafe condition 
before the safety dey 


If any 


ices are tripped 
two signals (and this can occur 
in three different wa 
both safety and 


Ac cepted as correct 


reliability are greatly improved.  Fig- 


ure 2 shows a system of this type 
Built-in Testing 

An additional advantage of the ap- 
plication of the principle of coincidence 
to reactor control circuits is the possi- 
bility of using a built-in testing scheme 
Since at least two out of three instru- 
an unsafe condi- 


ments must indicate 


tion before the reactor is serammed, 
such a condition can be simulated for 
each instrument in turn to check that 
it and its corresponding trip circuit are 


If the 
each trip circuit 


operating properly testing ca 


pability is built into 

















-—-—-—+4-+--4 


* 
| 
i 
T 
pt 
' 
! 
| 
aa 
! 
T 
! 
! 
i 
4 


| 
' 

| Minor instrument 
! poir 
' 
J 


nstrument trio 


nput 


thout test 


FIG. 2 


Triple protective system is next stage in evolution. 


Test 4 
ndicotor J 
‘~~~ 


ifety rods 


lt employs both principle 


of redundancy and of coincidence—two of three instruments must show warning at same 


time to trip. 
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Safety rods, however, remain in single circuit 


i 
acknowledges | 


are | 


the 


exists | 


that agree are 


new book 
tells all* 


tall about 


Aewaunece 


FUME HOODS 


| Just Published! 48 Pages! Yours Free! 


Here's the most complete catalog ever 
published devoted exclusively to Fume 
Hoods—covering every size and type from 
the compact, portable Flexihood to the 
famous Kewaunee Airflow Supreme. In 
troducing, too, the new Kewaunee Air 
flow Thinwall series —a concept in 
Hoods providing 5 inches more working 
space in 4 inches less room space. 


new 


If Fume Hoods are in your laboratory 
picture, you'll find this new book invalu 
able in selecting the right equipment for 


your needs. Complete with illustrations 


and operating data 


Free—write for your copy today. 


Ask for “Airflow —Section 2” 


Kewaunee» 


© cameramen eee" 


KEWAUNEE MANUFACTURING CO. 
5083 $. Center %., Adrian, Mich. 
REPRESENTATIVES IN PRINCIPAL CITIES 


125 














LE[LIOTT ] a ral 


Mik 


R 6B 


Simulator For Training Reactor tw GB 
Engineers 





























@ SIMULATES DIFFERENT TYPES OF 
REACTOR BY SWITCH SELECTIO 


POWER AND PERIOD 
TRIP SETTINGS 


¢ 
AND INDICATIO Tes 
f SHUT-OFF RODS jndicotor 


AL OR AUTOMATIC 


D 
TROL SYSTEM SUS * 














2 Chee SrA FIG. 3. Two examples of coincidence re- 
com ! vi AMPLIFILE ‘ . . 

lay circuits designed to permit over-all test- 
ing of important functicns 
@ LINEAR OR \GOARITHMIK 
RECORDING OF REACTOR POWTER 


The Elliott range of reactor computers and t] imnarteant information » 
ils ipo il oO i ) cu i 

simulators also includes Reactor Computer Type | ale , 

NDIIS and Nuclear Power Station Computer rcquired by the reactor operator at 


Elliott Reactor Simulator Type N D141 Type NDII1I for design studies of a reactor and iny time—even during reactor opera- 


CONSULT ELLIOTT FOR yh oedema aa at cs tion. Thus, both the safety and the 
THE INSTRUMENTATION AND CONTROL OF NUCLEAR ENERGY "elisbility of the reactor system is 
ELLIOTT BROTHERS (LONDON) LIMITED, CENTURY WORKS, LONDON §8.£,.13 ENGLAND increased 

If the coincidence-relay circuit is ar- 


ranged as are the two cases shown in 





lig. 3, a searching check on the whole 


stem can be applied. In both cir- 
X-RAY, HIGH RESOLUTION, uits, the element D will be de-ener 
yized if any two of the relays A, B and 
PROPORTIONAL COUNTERS | {=i sue sna 
i small resistance FR is included in the 
ircuit in series with each A, B or ¢ 
@ Beryllium window: 18 mg/cm’. relay contact, and an ammeter shows 
the current in the circuit With A 
B and C all closed, the total resistance 
@ CONTINUOUS PURIFICATION OF GAS FILLING in the circuit is 1.5 R. If one of the 
BY HOT CALCIUM three relays opens, the resistance in 
creases to 2.5 R 
rhe value of #& is chosen so that this 
@ GUARD RING AND FIELD RING, QUARTZ inevense seduces the cursent by 16% 
INSULATED give a very precise definition of vhich would be insufficient to release 


the useful volume. This allows spectrometry the element D. If, then, the test con 
dition is appled to an instrument 

of low energy electrons down to 0,2 KeV. Ty i wie: nee 

ind the required 10% drop is observed 


mn the final circuit, it is almost im 


n the system up to the final circuit 


} 
" ; meee! a8 @ RESOLUTION: 15% to 20% at 6 KeV. possible for there to be an unsafe failure 


eer eonns | Che lower circuit has the additional 
f sae eee ALL INSTRUMENTS FOR NUCLEAR PHYSICS idvantage of shorting out the element 
[ 2 be. } A} LABORATORIES. D when it is de-energized, thus reduc- 
[ + anere ing the chance that it can be re-ener- 


rized Dy deliberate external connec- 


Societe D’Applications Industrielles de la Physique | tion. Ato, only one resistance is 
(S.A.LP) : _ paling egg resistance of 


146, Bd de Charonne. PARIS XXe. FRANCE. The tests do not involve “nny discon- 


nection or disturbance of the equip 
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ind no expert knowledge is 

to carry them out. If the 

11 Ol applying the test becomes 

the protection Is In ho Way 

nished Since the correct result 

not be obtained, the matter cannot 

innoticed 

some applications it may be 

vhile to carry out these tests 

matically at regular intervals, al 

ving sounded if the correct re- 

not received, Such a system 

correspond to the ‘dynami 

safe’ system* except that the 

protection would not be lost even dur 
ng the test period of the cycle 

Che weakest part of a system, such 


that shown in Fig. 2 


is the singl 
lit leading to the safety rods 
ilso, another weak point in 
ilthough three independent ci 
used, they are identical It 
nvolve little more effort to 
rately disable two of them, which 
lisable the whole system than 
e one 
1 shows a scheme that elimi 
Weakness Keach of the six 
ices has its own coincidence- 
ip connected to the trip lines 
has its own test ammeter as 
Che principal protective func 
overed by six instruments 
h of two different types to 
the chance of disablement 
i a common design or main 
failure Three of the instru 
ire connected to three main 
The additional three are 
vuxiliary trip line 
sically se parate Irom 
ind controls only two of 
ods and one dump valve 
that is needed, since the 
probability of the safety 
main trip lines failing at the 
ie is several orders of magni 
than other risks 
take full advantage of this sys- 
ifety devices used should be 
oring, that is, if the danger 
removed from the device, no 
reduction in reactivity should 
we, and it should be possible 
e the device to its normal oper 
position. This would enabl 
be applied to each device in 
ipplying the danger signal 
entaril\ The application ol thes 
the test switch could 
d on the same ammeter that 
check the response to the 
signal injected at the 


an Rennes, Con 
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For Nuclear 
Industries 
Brookhaven’s 
“qa natural”! 


Reactor Buildings 
at Brookhaven 
National Laboratory 


—" 


Advantages are here—and to spare — 
in this Central Long Island area 


Businesses engaged in parallel or related types of production have 
found it practicable to come together in areas where operating 
conditions are, or in time, become increasingly more favorable. The 
field of nuclear engineering adds still another form of industry to the 
national scene, and it too must find the right region to seat itself. 


As with other manufacturers, location will be dictated by many factors. 
Two important ones will be, research facilities, and the cumulative 
benefits realizable through stationing operations in a community made 
up of people working in a scientific atmosphere. BROOKHAVEN TOWN 
SHIP, with world famous BROOKHAVEN NATIONAL LABORATORY 
at its center, is ideally suited to the basing of such activities. 


BROOKHAVEN TOWNSHIP (400 square miles) is 35 miles from 
New York City. Air and rail freight service is excellent. Attractive, 
friendly villages are numerous and there are miles of seashore and 
open country for recreational play. Mild climate and abundant 
sunshine (tops on the Atlantic Coast) have created an ideal area 
for happy, healthy, family living. Schools, churches, hospitals, shop- 
ping centers are everywhere, and civil administration is friendly 
toward business. If you are working in nuclear fields, BROOKHAVEN 
is “a natural” for your plant or laboratory site. 


Mail form below for additional details about the 
numerous advantages Brookhaven offers 


pot tre rrr rrre-- 


BROOKHAVEN INDUSTRIAL COMMITTEE 
P.O. Box 232 
Patchogue, N.Y 


Please send me more detailed information 
on Brookhaven's advantages 


NAME 
FIRM 


ADDRESS 


Land of Industrial Oppor 1 TOWN STATE 
tunities. Ample Sites, Labor, i ee ee 4 


Power, Transportation 
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SIMPLYTROL 
INDICATING PYROMETERS 


Twenty-one ranges for temperatures 
from — 400’ F. to -+ 3000° F. 
Accuracy 2%, of full scale. 


Prices 
from 
$20.25 
$51.65 


FAHRE NG yp 


wh = te 


lang 


— ov Medel 451 
CANTCRA,, . 

4\," clear 
plastic cose, 
0/2000° F 


with 


ot 


\ ee 


mirrer 
scale 





6 other 
sizes ond 
cate styles 


Medium resistance (4 ohms per millivolt) ther 
mocouple millivoltmeter. Compensated for cold 
junction and copper error 

Available with 1% accuracy. Can be thermistor 
compensated for ambient changes. Some styles 
supplied with mirror scales 

Delivery: Many models in stock, Others, allow 
4-5 weeks, 

Ask for 40-page catalog 4-C which shows ind 


cating and controlling pyrometers 
Chesteriand 28, Ohio 


3-4436 


Assembly Products, Inc., 
Phone (Cleveland, O.) HAmiltor 


(West Coast: P. O. Box XX Palm Springs, Cali 
fornia, Phone DHS 4-3133 or 4-2453 

Los Angeles: 2336 Mardina St., W 
California, Phone EDgewood 9-2670.) 


Booth 43, IRE Mi 
June 17~-19-—Wasl 


Covina, 


litary Elect s Sh 


Gadolinium, Gade 
ictonic . 


DELTA CHEMICAL WORKS, Inc. 
1 We New York 23 N.Y 
Plaza 7-6317 


st 40th St 


ne 


Tele elal 
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with test input Major 
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with test inputs 


FIG. 4 


Main trip lines 


switches 


Test 


4 s 


Test ) 
neato 
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Sofety rods 








4 
Dump 
volves 


This multiple-circuit protective system uses up to six instruments in double two-out- 


of-three coincidence to provide two independent circuits for safety devices 


ol 
ol 


the 
the 
the 
these 
failing to respond to genuin 


channe 
then 
the 
then 
trouble 


vDeginning 
Phe logic 
omplete 


protective 
overall test is 
probability ol 


tem passing tests and 
is extremely remote 
A further possibility ol increasing re 
ibility also arises if the 


divided 


units suc h 


scram capac 


it Is into reasonably small 
as often occurs when safety 
used 
tart the 


rod has 


rods are It may then be possible 
to re 
let 


the 


reactor even alter one 
wrongly 
that 
before the xenon poison 


This result ¢ 


droppe d into 


this is done 


core provided 
mmediately 
built 

ved if 
enough 


the 


ha up an be 
the 


reactivity 


ich normal control system 


has reserve to 


effect of 


in 
ivercome negative 
iftey rod 
If thi 
it ime 


ce those 


om 


} 


ibility 


rease in reliability will result 


po an realized 
stem whicl 
the 


that would normally be expected 


parts of the sy 


not in a coincidence scheme are 


cause most reactor shutdowns 


Significance 
It is difficult to deal 


quantitative comparison between 


generally with 
the 
the simple single and double protective 
that 
system suffers n faults 
at the 
iverage time to detect an unsafe fault 


tem 
f the 


er unit 


It can be seen, however 
unsale 
time random, and 

t, the single system is disabled for nt 
of the and the double 


nt)? of the time (if nt l 


time system tor 

Now vi 
be 2 yr and f perhap 
so that nt = 2 « 10 
10 


typically 
or 10 

nt t 
the 
trouble arises that requires the prote: 
tive the 


10 hr yi 


and 


If n, is frequency with which 
1 


j 


system to tunction chance ol 


wcident is n, nt system 
system If 
the probability ol 
10 VT 

10 yl 
Thus, the 


to be 


the single 


double 


lo! 
and n, (nt)* for the 
n, 18 taken as 2/yr 
accident is 4 for the single 
the 
ol 


reduc ( d by 


tem and le) lor 


double system chanee 
n accident is 


factor of 500 


seCCTI 


Some of the more detailed quantita- 
ve implications are shown in the table 
on p. 124. The 
il and ate 


hgures given 
the 


are typi 


indi very great im- 
that can be 
of 
simpler than would apply 


ol 


in reliability 
These 


much 


provements 


obtained calculations are 
course 


pra tical 


in the case networks 
the 
nstrument 


Phe 


entirely 


in 


which salety criteria for different 


vary widely 


group may 


improvements obtained 


de pe nd 


on the randomness of the 


If there 


between 


fnliures is any chanee ol 


Or- 
different 


ition failures on 


instruments or subsystems, the 
lost It is 


to ensure 


aqvan 


tag i be necessary 


therelore that causes of such 


oupling are minimized. For instance 


1 reasonable degree of physical separa 


tion is desirable and separate power 


distribution and, if possible, separate 


power sources, should be used for the 


different subsystem 


Application 
Phe 


incidence 


principles of redundancy and 
have already been applied 
the NRX 


afety of this reactor is provided 


salety 


to some extent in 


Vhe 


} 
i 


reactor 


rods and a set 
that ¢ 


water moderator 


bank of six 
drain 
This 
equipment is controlled by several in- 
endent that 
simultaneous failure of 


de 


large valves an 


the heavy 


electrical circuits, 80 


thi hance ol 


ill the safety vices 1s impressively 
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ol electroni 
been arranged 
comcidence to 
minate false trips from 
ir sources 
NRU reactor will use these 
rhe extensively Almost 
nt group that is capable 
reactor is arranged in a 
or two-out-ol-lour 
ction, and this fea 
ugh the entire 
uitr Owing to the 
ted introduction of the new 


vever, it has not et 


proved 
injection of test signals as a routine 


operation. This must await 
reactors 
It is hoped that these 


salety 


two reactor- 
systems will provide working 
these new 


experience witl which 


philosophies can iM judged The some- 
what higher capital cost should prove 


to be more than compensated by the 


alue of the improved safety and relia- 
bility that will result 
> > 


esented 
Toronto 


Thia article ia base 
at the Canadian IRE Co 
in Octobe 1g. 





Calculating Burnout Effects 


By ARTHUR W, BANISTER* and RAYMOND L. MURRAY 


fy hsepartment 


leveloped a way to analyz 
fuel burnup and distributed 

i thermal reactor that we 
impler and easier to apply 
ntional perturbation theory 
efly, the technique involves an 
olution of the critical diffu 
iation that describes the reactor 
burnup or fission product 
urred. The 
perturbations are 
right-hand side of the 


terms 1n 
trans 


making well-justified 
ons, the equation is ren- 
omogeneous Complemen 
irticular solutions are found 
v flux distribution and, 
ng boundary conditions, the 


ritical condition may then 


mportant physical changes 
luring the long-term oper 
iclear reactors are burnup of 
formation of fission products 
ched reactors, the burnup 
ation of plutonium and 
erator or structural 

ir but can be shown 
| equations describing 


nterest are 
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Vorth Carolina State College, 


Raleigh, North Caro 


where p reters to fission products 


These yield standard ¢ xponential solu- 
tions, where @ may be treated either as 


a constant or variable with time, de 


pending on the accuracy desired 


Critical Criteria 
The effect of these variations in con- 


centration on the chain reaction or flux 


distribution must be obtained from the | 


diffusion equation, subject to certain | 


conditions 
First, it 


sinori go sub 


tions merits some discussion 
is clear that a reactor will 
critical as fuel burns out and fission 
products form, unless some 
sating control is effected to keep the 
reactor critical The criterion by 
which adjustments are 
considered 


reactor 


In a uniform lo powe! 


v he re composition remains constant, it 


Is ¢ vident that the ritical reactor satis 


fies three condition 
Ad 


at 


constant local flux 


do : 
| i) d\ 
al ‘ 


constant total neutron | 


do 
oz, d\ 0 
at 


wopulation 


constant total reactor power \o 


In a_ high-flu reactor, however 


where composition is changing appreci 


possible irrange for the | 


later 


The nature of these condi- | 


eotnpene | 


made must be 


PROMPT 
DELIVERY 


A GRAM 
OR A CARLOAD 


OXIDE 


(SEVERAL GRADES) 


FLUORIDE 


NITRATE 


AND OTHER SALTS 


GADOLINIUM 
SAMARIUM 


EUROPIUM 
AND OTHER 
SEPARATED 
RARE EARTHS 


WRITE FOR TECHNICAL 
DATA 


World's largest 
producer of rare earth and 
thorium chemicals for commercial 


atomic energy use and industrial applications 


| NDSAY (}HEMICAL (OMPANY 


272 ANN STREET, WEST CHICAGO, ILL 
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Programming and Computing Services 


NDA‘s mathematics team is exceptionally wel 
trained to solve nuclear problems from definition 
through programming to solution and evaluation 
The Datatron and hand computing sections, inte 
grated into NDA’s Physics and Mathematics de 
partment, are staffed by professional personnel 
knowledgeable in all aspects of nuclear science 
and engineering 

In addition to standard programs, NDA has fully 
de-bugged programs in production on the Datatron 
to 9 the following types of problems 


© Monte Carlo shielding 

© One-dimensional reactor criticality 

© Two-dimensional reactor criticality 

© Heat transfer and stress analysis 

© Reactor safety and dynamics 

© Integration of 40 simultaneous first 
order differential equations 


The use of these computing programs or other: 
specially developed to meet your needs permits 
the solving of problems at substantial dollar anc 
time savings 


For further information call or write 
Tey. NUCLEAR DEVELOPMENT 
CORPORATION OF AMERICA 


5 NEW STREET WHITE PLAINS, N.Y 
TEL. WH 8.5800 


a Field biaton in Stee 
and Alay Pld 


af , 


" 


ibly with time, each of these criteria 


mplies something slightly different 


Condition (3) is clearly not compatible 
vith the continuous change in composi 
indicated by | 


group constants in the diffusion equa 


tion and (2), sines 


and @ 
Thus 


| 
at all 


tion are continually changing 
uming new spatial dependence 
Op/dt cannot possibly be 


in the 


zero 


int reactor After the reac 


tor has been operated for a certain in 


terval in accordance with condition (5 
the fuel and poison distribution will be 
and the flux will be di 


from its pince 


non-uniform, 
torted initial shape 

he changes in composition, flux shap« 
ind amplitude are all slowly varying 


vith time the neutron balance condi 


tion based on equality of supply and 
leakage plus absorption still is satisfied 
Thus 
applied instantaneously 

method the ef 


cts of fuel burnout on flux distribu 


ipproximately condition 
miny tn 


To demonstrate the 


enriched 
The pri 


burnout ol 


derived for a bare 


slab 


sses studied are 


tions are 
homogeneous reactor 
mary proce 
{ and formation of low 


goth 


cross-section 

products and 

state 
Also 


ibsorle rs ure 


ission transient 
teady 
luded 


KCnOn poisoning are €»% 


it is assumed that con 


tro uniformly removed 
to keep the reactor critical 
First to write the dif 


usion equations before 


h 


it is necessary 
i burnout 
dD Vv vi) 

Pp 
1) V'*o pz 74) 


b A Qs + 


Uncoupling by the operator method 


me obtains 


V? + w*)(V 
V2? + wy Vv? 
and v® are the usual roots of 
the critical buckling 
these 


vhere p 
equation The 
olution to equations for the 


bare slab geometry are 


vow a that the reactor has been 


a period of time during 


ume 
operating lor 

hich fuel consumption has occurred 
ind absorber poison has been removed 
Che principal changes will be in & and 


zZ since all other group constants ce 


| 

whicl 
Assume 
for the 


that 


pend on seattering cross sections 


remain essentially constant 


urther that changes are halted 


nstant under consideration, so 


riterion $) may be applied. Th 


new diffusion equations 


dD Vv re) 


Thermo! 
. flux 
‘\ 


~\ 


0.02 | 


r 

00a! 
H/o 0 H/o 
Distance from Center of Slab with Thickness H 
FLUX CHANGE resulting from fuel burnup 
in bare slab reactor. Changes are rela- 
tive to initial flux at reactor center. Burn- 

up at center was 5‘ 


D.V*ob 


ADd 
ind Az 
The elements introduced by burnout 


vhere is the uranium burned out 


I 


is the absorber poison removed 
ire now transposed to the right hand 
ide of the 


Ol Ope ration 


equation For short times 
these 


imated by 


terms may be up- 
thermal 

The 
proportional to this 
for the slab 


prox assuming the 


flux equal to its initial value 


s 
in 2, 18 
Thus 


geometry 


one may write 


nS, AAZ,, cos? px 


D.V*o: p or, 


s 
Dom + 


S,A Ad. COS* Mr + AZ, cos Mor) 


Az Is the ( 
center of the 
vain by the 


where in 2, at the 


hange 
reactor. Uncoupling 


operator method, one 


obtains 


t w*)(V v AZ ,A 
AZ,L,A cos px + ALZ,.M. 


1 cos Zur 


vo Azul SA 
2 pl SS; 1 cos Ma 


AX.-MS,A cos 2ya 


v 


Inpy?hD ) 
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| z 
Vl — (1 — mp) + 4p? 
) m 

2D,1 D, 

These equations may now be solved 
by obtaining complementary and par- 
ticular solutions. The complementary 
olution is obviously the original flux 
vhile the particular solution represents 
the perturbations caused by burnout 


Before obtaining the particular solu 
1, It is convenient to approximate 

operator (V2? + u?)(V? y*) by 
y2(V2 + p? This 


operations required, and is also justifi- 


simplifies the 


ible mathematically, since V? operating 
ma p-type term will usually give a 
juantity much less than p?. 
With this simplification, the solu- 


the diffusion equations become 


| 


Ad px sin pa 


S\A 


gy the fact that both fluxes must 
» zero at the reactor boundary 
al conditions are obtained 
x A> 
on 


SAD 


shown to be identical 


obtained the new flux 

utions and the required removal 

on in rather simple form. 

in be seen from the figure the 
il flux peaks at the center, while 

fast. flux flattens 


ght this is due to the changes 


Soth fluxes also 


section re quired to ke ep the re- 


itical. The following relations 


and (13): 


be derived from (12 


2yu*L? 


{(np 
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For the field of nuclear spectrometry 


—another Detectolab® Product 


Automatic Gamma Ray 
Spectrum Recorder 


The Detectolab DZ46 establishes new standards 
of versatility and operating simplicity, aiding precise 


laboratory radiation analysis. 


Automatic single or repetitive scan. 


Front panel selection of FIVE scanning 
speeds — %, 4, 2, | and 2 rpm of 
energy level control. 


Front panel selection of scanning limits. 


Automatic repetitive charting 
with no mirror image. 


Automatic operation is a function of the 
incorporated mechanical scanning unit, Model 
DZ45. Simple front panel adjustments 

permit selection of the energy scale to be 
scanned. The Model DZ45 is also separately 
available as a means of converting 

existing analyzers to 


automatic operation 


Write for Detectolab Technical 
Bulletins and the name of our 


nearest representative 


Other Detectolab spectrometry 
instruments include Model DZ41 
Gamma Ray Spectrometer and 
Model DZ21 Radiation Spectrometer 


Detectolab Nuclear Instruments ore products of 


LECTRONICS 


) 
BORG-WARNER CORPORATION b 
3300 NEWPORT BOULEVARD, SANTA ANA, CALIFORNIA 
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Engineering Careers 
at Curtiss-Wright 


Curtiss-Wright’s planned expansion and product diversifica- 
tion program creates requirements in 1957, 58, 59, for engi- 
neers and scientists in a number of different technical fields 
and at almost every level of experience. These are permanent, 
career positions, for this is a carefully planned program. Start- 
ing salaries are excellent and are related directly to your 
education and experience. Company benefits are outstanding 
and there are adequate provisions for Advanced Study Assist- 
ance to those who qualify. 


Positions are available in plants located in several states, giving 
you a choice of geographical location. Work assignments range 
from pure research in specialized fields to production control 
of current manufacturing. Products range from plastics for 
the consumer market to new concepts in powerplants and 
propulsion systems, Especially interesting to the scientist or 
engineer are the opportunities offered in the following fields. 


AERODYNAMICS ROCKET PROPULSION 
HEAT TRANSFER THERMODYNAMICS 
FUELS & LUBRICANTS COMBUSTION 
METALLURGY DIGITAL COMPUTERS 
NUCLEAR PHYSICS INSTRUMENTATION 
ANALOG COMPUTERS CHEMISTRY 
FLIGHT SIMULATION AIRBORNE RADAR 
JET PROPULSION PLASTICS 
SUPERSONIC AIRFLOW GUIDED MISSILES 
STRESS AND VIBRATION 
These are some of the important activities going on in the 17 
Divisions of Curtiss-Wright. In such an environment engincer- 


ing and scientific skills grow and the individual has opportunity 
to demonstrate his professional ability. 


If you are interested in associating yourself with a company 
which recognizes your individual progress, if you want the 
stability that comes with diversification of products, then you 
should send a resume, giving your preference in type of work, 
as well as your education and experience to: 


R. G. Conrad, 
Manager, Engineering Recruiting, Dept. G -7 
Curtiss-Wright Corporation, Wood-Ridge, N. J. 


ALL REPLIES CONFIDENTIAL 


CURTISS-WRIGHT 


CORPORATION * WOOD-RIDGE, NJ 





These relate the change in central flux 
to the change in central fuel cross sec- 
tion Using group constants typical 
f the Bulk Shielding Facility at Oak 
Ridge, it can be shown that the ther 
mal flux changes some five times faster 
than the fast flux. The peaking of the 
thermal flux is also significant since it 
tends to offset the decrease in fission 
cross section hus the power tends 
to remain approximately constant 

So far fission product effects have 
been neglected. However, these may 
be treated in exactly the same fashion 
either simultaneously or separately 
Qualitatively, it can be seen that this 
effect will tend to flatten both fluxes 
ind increase the poison removal 


required 


Comparison with Perturbation 
Theory 


To provide a cross check a compari- 
son has been made of the eritical condi- 
tions obtained by the preceding analy- 

s and standard perturbation theory. 
This is illustrated briefly for the two 
group bare reactor 

The critical condition from first 
order perturbation theory (1) can be 


hown to be 
1D bHoddV 0 


where @* is the adjoint flux and 6// is 
the perturbation operator For a two 
group reactor, this is generalized to 


matrix form as follows 


611,,6H +) 
| Dp D>» ) a 0 
611, bo» 7) 
From (8) and (9), it is evident that 
6H 0, 6H nAX, (x), 6H, 0, 


ind 6// AZ, (2 + AZ, Also, it 


in be shown that 


COS Pd 


Substituting these expressions, ex 
ymanding, and dividing out common fac 
tors, one obtains the critical condition 


for a bare slab 


nad } COB” pa di 
S,tAZ,.f cos*® px da 
Pe) AZ, J COS* pr 


Using the fact that S | 


this simplifies to 


8AZ, 


on 


Az 


which is identical with (12) and (13). 
Thus for this simple reactor the cross 
check 18 exact 


lo date, this type of analysis has 
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onducted for the bare slab using 
age-diffusion, and 
the reflected 
one-group and 
the 


ising modified one-group theory 


ed one group 


roup theory for 
iw modified 
for bare 


roup theory, and 


nary analysis of the spherical 


ndrical geometries indicates 


necessary theorems 


operator 
derived, using known differ- 
juation techniques, The varia- 
method 
o be particularly valuable 

use of the reflected reactor, 
between AZ, 
the differ- 


found to 


parameters has been 


necessary relation 


\>,, for criticality by 
method is 
the 


perturbation theory 


equation 

ob- 

Both 
sim 


omewhat from result 


ons, however, are very 


produce similar numerical 
For using group 


ints typical of the BSF, the fol- 


ind 


example, 
ng results were obtained 


ntial equation method 
AZ, = 0.465A2,. 

ition theory 
Az, 0.423Ax, 
may be aseribed to the 


latter does not take into 
reflector flux 


flerence 
that the 
nt changes in the 


ition 


Conclusions 


that 


has 


| immary we suggest 


equation analysis 


sivantages 
Mathematical with 
knowledge of 


y require d 


simplicity 
perturbation 
theor 
For the same degree of accuracy 

iteration, the perturbed flux 

obtained in 
than the 


characteristic of 


listributions are 
osed 


niinite 


form rather 
series 
verturbation theory 
t of ¢ 


effer ih physical per 


mation on the flux distribu- 
identified 

condition for the 

-group reflected reactor takes 

changing fluxes 


reflec tor 


ount of the 

| currents at the core 
nteriace 

») A wide flexibility 

lity of 

other problems as xenon buildup 


with the possi 
application to such 


non-uniform coolant distribu 


tions and plutonium production 
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THE INSTRUMENT 
THAT PUSHES BACK 
TEST AND RESEARCH 
FRONTIERS 


New! etc 
MODEL H-42B 


Triggers events and records re- 
sulting operational phenomena 
at as many as four different 
points concurrently ona 
single 5” flat-face tube 





Operates by either direct or 
remote control 


-channel Recording Oscilloscope 
and MASTER STRAINALYZER 


The full range of usefulness of this versatile new ETC Model H-42B 
can only be hinted by a description of its features. 


Frequency range is DC to 100 ke +-0.5 db; or 150 kc +3 db. Sup- 
plies self-contained bridge power for all channels. Input data may 
be either differential or single-ended, Thus, associated transducers 
may include ferro- or piezo-electric crystals and strain gauges in /, 
and l/, bridge of any resistance between 50 and 5,000 ohms. Record- 
ings may be made from a 100 , sec. interval (single sweep) to a 
matter of hours (continuous film). Other features include automatic 
amplitude calibration; exceptionally stable d-c amplifiers adjustable 
to both static and dynamic balance; 4-step sequence timer; crystal- 
controlled timing pulse; and full provisions for synchronization 


and control of cameras. 


Mobile steel console is 60” high, 28” wide, 34” deep. 


Write for ETC Bulletin H-42B 


eee 


_ Pulse control train analysis— 
USE IT FOR. Piva vibration—Stress oe ch—Recording 
coapreeengnonerll encephalegraphy—saniencs ” 
Nuclear reseor 


. . oarv s. 
Cc and dozens of simil ' se 
orman e 

radar perf 


BJECTTOME CUO 


CORPORATION 
Philadelphia 18, Pa. 
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1200 E. Mermaid Lane ° 


HEADQUARTERS FOR MULTI-CHANNEL SCILLOGRAPHY 











COMPLETE 
CUSTOM OR PRODUCTION 


METAL 
FABRICATION 


* ASME Code Fabrication 

* High Tolerance Machining 

* On Time Delivery 

* Engineering Service 

* Spectroscopically tight welding for sys 
fems operating at pressures varying 
from 60 microns to 10,000 psi, over 
temperature ranges to 2,000 F. 


WE ARE COMPLETELY EQUIPPED TO 
HANDLE; 


Stainless Stee! 
Carbon Stee! Lead 
Inconel Aluminum 
onel litanium 
Nickel! Zirconium 


Copper 


WE HAVE AND CAN FABRICATE: 
Tanks 

Pressure Vessels 
Heat Exchangers 
Piping Systems 

Glove Boxes 


Specimen Holders 

Radioactive Transfer 
Casks 

Retorts 

Furnaces 

Specialty Devices 


ADLER’S METAL WORKS 


1310 Germantown Ave. 
Philadelphia 22, Pa. 
STevenson 4-3837 


"If we can't perform, we won't bid" 
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OPPORTUNITIES 
RADIATION 
DOSIMETRY 


For Chemists, Physicists 
and 
Electrical Engineers 


To develop and use Material 
Dosimeters. 
e 


Knowledge of Nuclear Physics 
or Radiochemistry needed 


No previous experience in 
osimetry required 


This is a staff position which 
will challenge the most vivid 
imagination 


Please send resumé of education 
and experience to Staff Em- 
ployment Section 565 


SANDIA 


CORPORATION 
Albuquerque, New Mexico 
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APPLIED RADIATION 


Small Reactor Is 


Analytical Tool tor 
the constituents of the sample.* 


The effect of a sample on the reactivity of a small reac- 
in provide a sensitive, nondestructive analysis of 
he method is an 


extension of the usual control-rod calibration in which the effect of a known sub- 


stance on reactivity is studied. By observing the effects at different points in the 


reactor it is possible to separate different neutronic properties. Thus one can 


measure not only nuclear fuels and poisons but also such quantities as the carbon 
hydrogen ratio of petrochemicals and plastics 
i funetion of its neutrons 


How it works. The effect of a sample on reactivity is 


properties: scattering, absorption, moderation, production of neutrons, et It 


depends also on the position of the sample in the reactor, and this dependence on 
Thu 
effective when it is at the edge of the core where it will reflect back into the core 
the that leak out. In thermal! 
absorber is most important where the thermal flux is high 


position is different for different neutronic properties i scatterer is most 


some ol neutrons would otherwise ontrast a 
In general it is possible to define a set of ‘ 
the relative effect that a ‘ 


locations in the core 


importance funct ons’”’ to represent 


pure’ sample has on the reactivity when it is in different 
These functions are products of two factors, one to repre- 
sent the frequency of an event, and the other to represent the magnitude of the 
influence of the event on reactivit As an example, thermal absorption has an 
One tac- 
The 


flux and therma!|- 


importance function nearly proportional to the square of thermal flux. 
tor comes from the fact that the number of captures is proportional to flux 
other results from the direct proportionality between therma 
neutron usefulness 

Analysis. 
with the following equation Ap oC 


It is possible to describe the influence of the sample on reactivity 


r)A>, where 2, is the total area presented 


by the sample for the ith process cross section volume), 7; is the 


IMACTOBCOpPL 


importance function normalized to unity at the point of maximum importance 


and C, is a reactivity coefficient 
Using two 


As indicated above, the Importance functions can be computed 


fast and thermal, they can be represented with fair accuracy in 


1 he 
traverses of the reactor with appropriate test samples and recording the effect on 
Their ind the 


neutron groups 


terms of fluxes and gradients of fluxes can also be measured by making 


reactivity representations methods of measuring them are as 


follow s 


Vea 


Thermal absorber 


iD flect / 


Thermal absorption 


portance function ired by traverse with 


Fast absorption Fast absorber (e.g., | 
BiVod Heu 
Light moderator 


Scattering scatterer 
Moderation 

Neutron production hssion | 
When two effects occur together e of them by sub 


Once the ¢ 


t miu me rer Siil to fine or 


ind / iret 


imple Un) 


tracting the other determined, a set of simultaneous 


equations can be set up for an measuring its influence on reactivity 


at several positions From these one « olve for the important D's 


Reactor characteristics. lor ana! of \ s recommended that 
reactor have the following properties 
> 10 milliwatts to reduce statistical fluctuations 


1 watt so that thermal effects 


|. Power level 


2. Power level on reactivity are small 


3. Small critical mass to make the C’s larg 


{ homogeneous aqueous reactor fits these criteria best, but for some measure 


ments it is also important to have a high ratio of thermal to fast flux 


It is believed that a small reactor like the AGN-201 is capable of recognizing 


11 we of boron, 31 wg of cadmium, and 1.14 mg of hafnium with 10-min observa 


tions. An observation of this length produces optimum sensitivity. 


Carbon-hydrogen ratio is particularly susceptible to measurement by this 


means because of the large moderating power of hydrogen as compared with that 


of carbon With observations of 3 min, the ratio of the number of hydro 


inalytical instr 


The AGN 201 nuclear reactor as an 
Report N« 


*R. Boyle e al. 
trol Aerojet-General Nucleoni 


iment: process cor 


January, 1957 
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is to the number of carbon 
na petrochemical can be deter- 
1 te thin about 0.03 in the H/C 


New Process Makes \Mlagnesium 
High-Activity Mg~” is an impor- 
taunt indus 
nd an important element 
ind animal metabolism 
nalysis for small amounts of 
ult, however, and tracer ex 
have been hampered by the 
ol producing the only mag 
jtope with a half-life longer 
he 9.5 min of Mg?’, At Brook 
(>. Stang, Jr... W. D. Tucker 
and H. O. Banks, Jr., have 
eloped a procedure that pro 
hr Mg** with a specific ac 
> 1.000 uwe’em, essentially free 
nuritic 

rocess consists of making a thin 
lithium-magnesium alloy and 
ting it with neutrons. Tritons 
are produced in the Li®(n,t)He* rea 
tio ind these in turn make Mg** 
through the reaction Mg?*(t,p)Mg* 
Lithium enriched to contain ~96% 
Li ombined with natural magne- 
in alloy containing 70% lith- 
weight. Enrichment of the 
ontent would be useful but for 

ly expensive 


ivoid depressing the neutron flux 


are made as thin as is practical | 


Irradiation is for 4 days in 
itmosphere and a flux of 
nem? /se¢ After irradi- 
eal processing takes ~2 hr 
95% vield 
lecay scheme of Mg*™*, which 
equilibrium with its daughter 
is shown in the drawing 
28 is shipped in a dispos 
lded container. Production 
eing made weekly at Brook 


1 the ost SS5U.SO per Wp 


DECAY SCHEME of Mg 





Mg° 


4 


Y ¥0400 
= Y 
~ 10949 1346 











Vol. 15, No. 6 - June, 1957 


During the past 5 years, the proven performance of the EKCO Model 1079-C Vibrat- 
ing Reed Electrometer has made it preferred by actual users, both here and abroad. 


Low in cost, compact, rugged and easily serviced; its high, full-scale sensitivity and 
inherent stability makes the EKCO Model 1079-C ideal for all applications involving 
small current and voltage measurements. 


STABILITY + 1 mv, day-to-day 

SENSITIVITY 0.03 pya full-scale reading @ max 

RANGES 0-30, 0-100, 0-300, 0-1000 mv 

INPUT: Internal, switch-controlied, 10*, 10'”, 10'* ohm resistors 
OUTPUT: coves Operates with 1 ma or 100 mv recorder 

POWER: .. 110/120 or 200/250 v, 40/60 cps, 40 w 

WEIGHT Only 29 Ibs., complete with cables 


Write TODAY for Bulletin L-572 for complete data 


AMERICAN TRADAIR CORP. 


34-01 30th Street, Long Island City 6, N. Y. * Dept. 6 
U.S. SALES & SERVICE for 


EKCO ELECTRONICS, LTD., Essex England 


Anod. L7A {_AMumitum Wire 











To fill a need 

for high temperature 
insulation in a high 
conductivity wire 
Precision drawn to close 
resistance control in the 


smaller sizes 


Write for List of Products 


SIGMUND COHN corp. % 
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Cc’ Tracer Measures 
Fuel Distribution 


By DOUGLAS E. COOPER 


Ethyl Corporation Ktesearch Laboratorte 


Ferndale, Mich wan 


The performance of modern auto 


motive engines is noticeably limited by 
the failure of the intake 
ply equal amounts and qualities of fuel 


This maldistribu 


stem to sup 


to all the cylinder 
tion can be minimized by fuel injection 
but injection requires expensive equip 
Maldistribution involves 
mainly the liquid portion of the charg 


Normally the inducted fuel is only par 


ment 


tially evaporated; the remaining liquid 
is carried in the form of entrained drop 
lets and swept along the inside walls of 
heet 


Since 


the manifold as a liquid 
this liquid consists only of the | 


volatile constituents of the gasoline 
the cylinders getting more of this mat 
rial are burning fuel not only in greater 
quantity, but also of different over-all 


quality. 


C'* Method 


In this situation it is desirable that 


scavengers, and phosphorus compound 


such additives as tetraethy! lead 
he divided among the cylinders in such 
tt way as to provide maximum effective 

A C'-tracer technique has been 


how an 


ness, 
developed for determining 
constituent is distributed, whether it! 
a gasoline hydrocarbon or an additive 
For example, TEL tagged with C' at a 
level of 0.05 me/em 
traced after addition to fuel in a typical 


can be readily 
concentration of 3 em’*/gal 

When such a fuel | 
the various concentrations of 


burned in an 


engine, 
TEL as received by individual cylinders 
can be determined by comparing the 
specific activities of the carbon dioxide 
These ac 


ionization 


in their combustion gases 
tivities are measured in an 
chamber of the continuous-current 


type. 


Sample Collection 


The combustion gases in each cylin 
der are sampled by replacing the con- 


136 


ventional spark plugs by specially de 
ve loped sampling valves The nose of 
this device, shown in Fig. |, contains a 
spark-plug gap and also a tiny poppet 
solenoid timed 


valve, actuated by a 


from the camshaft. The poppet opens 


for about 1 msec in each cycle, just 
after combustion is complete and befor 
the exhaust valve opens 

The original intention was simply to 
dry the combustion-gas samples and 
into the chamber 


introduce them 


However, for reasons discussed below 
it proved more satisfactory, and actu 
ally simpler, to retain only the carbon 
For this 


purpose the gases are bubbled through 


dioxide of the gas streams 


barium hydroxide solutions. From 
the resulting barium carbonate, carbon 
dioxide is later regenerated and intro 
duced into an ionization chamber. A 
vibrating-reed electrometer is used to 
assay the radioactivity 

In measuring the ionization current 
complications appear if the whole com 
bustion-gas mixture is used, In the 
first 


dioxide, and nitrogen yield slightly dif 


place, carbon monoxide, carbon 
ferent numbers of ion pairs per beta 
particle passing through them. Since 
these gases are present in varying pro 
portions in the samples because of dif 
ferences in the richness of the fuel-ai 
mixtures, samples containing identical 
amounts of C' can produce different 
currents (This variable could be con 
trolled by a calibration study, compar 
ing the currents produced by a fixed 
quantity of C'* in a series of combus 
tion-gas compositions representing the 
whole working range of fuel-air 
mixtures. ) 

A more serious problem is the effect 
Many of these 


such as nitric oxide, formaldehyde, and 


of trace constituents 


benzene, have very low ionization po- 
tentials as compared with the major 


gases. As shown by Jesse and others 


FIG. 1. Gas-sampling valve has spark- 
plug gap and solenoid-operated poppet 


very small quantities of such substances 


can greatly increase the number of ion 


pairs produced in a less ionizable major 


constituent, in this case carbon mon 


oxide, carbon dioxide and nitrogen.* 


This is because the principal gas always 
with the completely 


contains, along 


ionized molecules, large numbers of 
excited molecules having energies some- 
what their 


These excitation energies are more than 


beneath ionization levels 


adequate for ionizing such molecules as 


formaldehyde Accordingly, by the 


imple process of energy transfer during 


intermolecular collisions, a small ad 


mixture of such a gas can yield a re 


markably large number of additional 


1ons This effect is found to be very 
to concentration in just the 


these 


sensitive 


particular low range in which 


gases occur Furthermore, since most 


of the offending gases happen to be 
labile. 


and the whole 


quite reactive and concentra- 
tions are unpredictabl 
situation is difficult to control with any 
onfidence This problem, as well as 
that arising from differences in the pro- 
portions of major gases, is avoided com- 
pletely by discarding all the gases but 
carbon dioxide. 

The sampling system installed on a 
late-model V-S engine is shown in Fig. 2 
Each cylinder is equipped with a sam- 
pling valve, which is connected to two 
spiral-path gas-washing bottles fed in 
parallel, providing duplicate samples 

*W. P. Jesse et al, Phys. Rev. 88, 417 
1952); T. E. Bortner et al, Phys. Rev. 96, 
643 (1954). 
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Another pair of absorbers located un- 
derneath are connected to a bent probe 
located in the exhaust pipe in order to 
The ex- 


haust hood at the rear was installed to 


sample the over-all exhaust. 


reduce the hazard from leaks of radio- 
active materials. The dynamometer 
itself is located behind the hood. 
When in use, the absorbers are filled 
with a 4% barium-hydroxide solution 
containing a pH indicator such as 
phenolphthalein. The engine is oper- 
ated until all the samples are neutral- 
ized, with a system of stopcocks to 
divert the flows away from those that 
Usually all the 
samples reach neutrality in 5-10 min. 


happen to finish first. 


Later the precipitated carbonates are 
filtered, washed with water and alcohol, 
and then dried. They average 3-4 gm. 


lon-Chamber Filling 


The carbon dioxide can be regener- 
ated from these samples at the con- 
venience of the operator with the train 
shown in Fig. 3. At the extreme left is 
the generator into which the dry car- 
bonate is introduced. The entire path 
from generator to chamber (extreme 
right) is then evacuated, and the mer- 
cury in an automatic valve adjacent to 
the generator is allowed to rise and seal 
off the rest of the system. 
crated sulfuric acid is commonly used 


Concen- 


to release carbon dioxide from barium 
carbonate, but the mercury valve makes 
it possible to use water and the some- 
what volatile, but more desirable, per- 
chloric acid while the vacuum is main- 
Water 
is added through the funnel, and a 


tained in the rest of the system. 


magnetic stirrer produces a slurry. 
Slow addition of dilute perchloric acid 
When the 


pressure reaches a level near atmos- 


then generates the gas. 


pheric, the mercury in the valve is de- 
pressed enough to permit a small vol- 
ume of gas to escape before pressure 


reduction seals it again. This process 


FIG. 3. 


passes it into ion chamber 
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FIG. 2. In typical use each sampling valve 
leads to two spiral-path washing bottles 


is repeated automatically as long as gas 
is evolved. If sulfuric acid were used, 
the coating of the particles by insoluble 
sulfate would rapidly slow down the 
reaction, but formation of the soluble 
perchlorate allows the reaction to pro- 
ceed smoothly to completion. 

In the first stage the gas is allowed to 
flow only as far as the U-tube near the 
middle of the train. During its passage 
the carbon dioxide is first passed 
through a Millipore filter in order to 
remove suspended particles, and then 
dried by a trap cooled with dry ice. It 
is then condensed to a solid in the 
U-tube chilled by liquid nitrogen. 

This tube is then sealed off from the 
forepart of the system, and the air (from 
the reagents) is exhausted from the 
The liquid nitrogen is then 
removed, and the carbon dioxide sub- 
The exact 


remainder, 


limes into the ion chamber. 
amount of the filling is recorded by a 
manometer. Additional ordinary car- 
bon dioxide is added from a tank to 
bring the chamber pressure to some 
arbitrary level (typically 74 em of Hg). 
This provides an identical ionization 
The whole 


operation takes ~10-15 min. 


medium for all samples. 


Measuring Activity 
The chamber is then detached and 


mounted on the electrometer. Figure 


This apporatus regenerates labeled CO, from BaCO, precipitate and 


need 
high vacuum 
components ? 


The Stokes 4-inch Ring-Jet Booster Pump 
starts pumping at 1,000 microns Hg ebso- 
lute... pumps os low os 03 yy with low 
cost pumping fivids. Peak speed ever 600 
cim. Equally effici units Hable in 6, 
10 and 16-inch sizes. 





™ ES makes a complete line 
of vacuum components ‘ 
advance-designed and engi- 
neered to help make your vac- 
uum systems more productive. 
Each unit reflects Stokes’ 


unparalleled 
neering leadership and wealth 
of basic vacuum technology. 


expenence, pio- 


The product list includes: Dif- 
fusion Pumps, Vapor Hooster 
Pumps, Mechanical Pumps, 
Mechanical Booster Pumps, 
Vacuum Gages, and Valves 


Send for technical data on any 


or all . . . without obligation. 


High Vacuum Division 
F. J. STOKES CORP. 
5543 Tabor Road, Phila. 20, Pa. 








the breakthrough 


lor the next big nuclear news, look to the 
field of applications engineering... And look 
into\the Martin story! 

Foy Martin research and development 
activities in nuclear applications — from air- 
transportable packaged power systems to 
fundamental exploration in the problems of 
nuclear |engineering — are in the direction of 
the coming breakthroughs. 

Contaet J. J. Holley, Dept. N, The Martin 


(Company, Baltimore 3, Maryland. 


FIG. 4. For counting, ion chamber is at- 
tached to vibrating-reed electrometer and 
slid into iron shield. Box on top is line- 
voltage regulator 


the mounted chamber partially 
din the tron shield The shield 
the background by 60% It 
sectionally of 4 in. of iron, and 
with # in. of aluminum Since 
eld weighs near 300 |b, it was 
in the form of a tunnel, and @ 
iding aluminum cradle provided to 
upport the chamber and electrometer 
1a horizontal position 
An average of perhap 1.000 ion 
sults from each C'* beta particle 
urrent through the carbon 
oxide in the chamber | 10-'* amp 
0 obtain a perceptible effect from this 
harge is allowed to accumulate on a 
ipacitance of about 10 farad, lo 
ited in the electrometer Part of this 
capacitance is a quartz reed vibrating 
at475i p The reed produces a modu 
lated voltage signal from the charge 
permitting the use of a umnplification 
The amplified | oltage is rectified 
and filtered in auxiliary equipment, and 
then it actuates a strip-chart voltage 
recorder The accumulation of voltage 
with time is ultimately used as a meas 
ure of the chamber current, and thus of 
the specific activity of the imple 
Figure 5 shows a typical record from 
a fairly weak source of activity The 
period shown is just before the voltage- 
cccumulation rate, or the current 
reach i steady minimum, which re 
quire 15 min 
lhe sharp discontinuities are caused 
by random alphas from the walls of the 
chamber Even the most carefully 
elected brass contains traces of certain 
alpha emitting heavy metals. ) As 
ompared with perhaps a thousand ion 
pairs produced by a C"™ beta, an alpha 
particle may produce a hundred thou- 
ind and a corresponding sharp in- 
crease in the accumulated charge 
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2 





Time (min) 





FIG. 5. Counting record from weak source 
shows discontinuities at points where alpha 
particles are emitted from chamber walls 


After the 


ire of the current can be obtained 


slope becomes constant, a 


erving the time required to ac- 


late any given voltage, or by sim 


easuring the 
this 


lope of any straight 
tion of ine and computing its 
procal, Comparison of the current 
that produced by a calibrated 


ource gives the 


rene 


specific ae 
ol the sample 


lsotopic Enrichment 


It could not simply be presumed that 
(''* to ¢ atoms in the car 
de would be 


e of the 


exactly repre- 


whole gas containing 
and carbon 
lo check the pro 
arefully controlled 
The main objective 
whether the 


carbon 


carbon-mononide 
de activities 
re a number of ¢ 
were run 
to establish 
ty of the 


red from any § 


specific 
dioxide as re 
given cylinder was 

proportional to the concentra 
of tagged TEL received in the fuel 
\ to show that this 
affected by the 
in the richness of the mixture 


is necessar\ 

ip wa not 

ition 
ind air that are inevitable in 

tribution studies 

one cylinder of the 

Tolan ked off 


ntuke 


purpose 


iit Wit 


from its 
manifold and 


ilong the 


1 il fuels b Vay 


The 


int Lined on the 


of a small ape 
other cylinders 
stock 


gasoline. 


irburetor 
carbu- 
Fuels 
ip containing several con- 
of tagged TEL, and the test 

fed with each of these at 
This 
vith a pair of ab- 


ny regula}; 


ratios cylinder 
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Give us your “hot cell’ specifications... 
we'll engineer, then build the shielding 
window that’s just right for you 


Optical shielding is one problem you 
can safely delegate 


Just tell us wall thickness, 


level 


energy 
and desired viewing area. Then 


leave the rest to us 


From experience in glass technology 
and building shielding windows for the 
firms and groups listed below, we pro 
vide all calculations, designs, and ma- 
terial—right up to packaged, all-ready 
to-install units, if you desire 

Your window will be designed speci 
fically to fit the 
you have outlined 


hot cell” conditions 
It will use one, two, 
or all of the three special glasses devel 


oped by Corning 

This window from Corning will pro 
vide protection plus optimum viewing 
You both 


maintenance or renewals be 


characteristics will not be 
ered by 
cause Corning windows are corrosion 
resistant and do 


not decompose or 


darken under radiation 

As a Start, we would like you to look 
booklet called “Corning Radia- 
tion Shielding Windows"—Bulletin PE- 


v 


at a 


S1. It outlines shielding, transmittance 
and radiation darkening characteristics 
describes design considerations 
shows typical installations. After you 
have been briefed on what facilities we 
offer, we'd welcome a detailed discus 
sion at 


and 


your Address in 
quiries to Plant Equipment Sales De 


partment, Corning, New York 


convenience 


Corning Radiation Shielding Windows 
are at work at 


E. |. duPont de Nemours, Savannah River Project 
Aiken, Sonth Carolina 


Union Carbide Nuclear Co., Ook Ridge, Tennessee 


General Electric Co., Aircraft Nuclear Propulsion 
Dept., Cincinnati, Ohio 


Phillips Petroleum Co., Chemical 
lant, idaho Falls, idaho 


Knolls Atomic Power Labs., 
AEC Of Canada, Chalk River, Ontario 
Esso Research Labs., Linden, Nj 


Generali Electric Co., Hanford Works 
Richiand, Washington 


University of Michigan, Phoenix Memorial Project 
Ann Arbor, Michigan 


Battelle Memorial institute, Columbus 


Westinghouse, Atom 
Bettis Plant 


Processing 


Schenectady, N.Y 


Ono 


Power Division 
Pittsburgh, Pa 


CORNING GLASS WORKS 


16-6 CRYSTAL STREET, CORNING, N. Y. 
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CRYSTALS, INC. 


announces the New 


SCINTEX BRAND 


Plastic Phosphors, Anthracene 
and Stilbene Single Crystals, 
Alpha Detectors, Beta Detectors, 
and Neutron Detectors 


Five years of extensive research, development, and field 
applications for plastic phosphors and Scintillation 
Crystals have produced this complete line of Organic 
Scintillation Detectors. 

The New SCINTEX BRAND Plastic Phosphors can be 
supplied in any size or shape to meet your specifications. 
Scintillation performance of SCINTEX BRAND Plastic 
Phosphors remain stable over years of application. 
The SCINTEX BRAND Stilbene and Anthracene Crys- 
tals are single crystals of the highest purity and finest 
spectrometry grade. 

Prompt deliveries are made on all mounted or un- 
mounted Scintillation Detectors. 

We invite inquiries about special plastic phosphors and 
crystals, and offer consulting services on special re- 
search and development problems. 


CRYSTALS, INC. 


123 Woodland Avenue, Westwood, New Jersey 
A Subsidiary of ISOTOPES, INC. 


sorbers to obtain duplicate samples at 
each operating condition. The barium 
carbonate samples were processed and 
assayed by the standard procedure 
discussed previously 

No significant difference in C'*-C'* 
distribution was observed for carbon- 
monoxide fractions in the exhaust gases 
from 0 to 63% and for label concentra- 
tions from 2.0 to 3.8 cm*/gal. A plot 
of measured activity against TEL con- 
centration gave a straight line passing 
through the origin 


Typical Test 


In an actual test run, where the dis- 
tribution to all cylinders is followed 
the data always provide a number of 
internal checks on reliability. The 
table below shows the results of a 
TEL-distribution study The eight 
cylinders are listed in two groups, as 
fed from the two barrels of the carbu 
retor. The carbon dioxide from the 
combined exhaust shows an activity 
of 305 dps/gm. This represents the 
activity produced from the fuel being 
fed, which contains 3 em* of TEL per 
gallon 

Accordingly the activities found in 
individual cylinder samples of carbon 
dioxide can be translated proportion- 
ately into concentrations of TEL in the 
fuel charges of their cylinders. It will 
be noted that the TEL concentrations 


ranged from 2.55 to 3 


72 cm*/gal in this 
test Since it was carried out at nearly 
wide-open throttle but at low speed 
800 rpm) this cannot be considered 
typical operation Modern cars 
equipped with automatic transmissions 
can experience this combination of con 
ditions only as a transient phase before 
attaining much higher speeds, at which 
distribution is considerably improved, 
However, the exaggerated maldistribu- 
tion produced at the steady low speed 
can be useful in such tests by making 


the phenome non easier to study 





TEL Concentrations 


Aclivily 
dps qm 
of CO. 


381 
252 
261 


301 


348 
305 
274 
288 


xhaust 305 
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TECHNICAL ADVANCES 


High-Energy Physics— Anyone who has followed the progress ol high- 
New Themes, New Hope energy nuclear physics over the fpast several 
years is aware that its principal problems revolve 
in understanding of the “‘elementary”’ parti les, more than a score of 
ire now known to exist. There is as yet no reason to believe that the list 
ete Nor do we know in very many cases whether or not we are permitted 
ove quotation marks from the word ‘“‘elementary”’ used to describe them 
tuation is still closely analogous to the beginnings of chemistry, where it 
ot yet clear that only the hydrogen atom is an element in a comparatively 
ct sense, while all heavier atomic species are more properly regarded as combi- 
nations of hydrogen atoms and neutrons 
When it is finally reached, the achievement of an understanding of the sub- 
nuclear particles will have been made in the face of what seem to be far greater 
obstacles than any that stood in the way of an analysis of atoms Many of the 
particles, including the more mysterious of them, are highly unstable; their mean 
lifetimes are often less than a millimicrosecond. Only very brief and rather rare 
glimpses of them can therefore be seen, and quantitative studies of their properties 
demand that they be produced at great expense in huge accelerators and examined 
in detectors of extraordinary ingenuity. There are additional difficulties of a 
theoretical nature, for the present viewpoint is that complex particles are not com 
d of other particles but of “fields,’’ and even an elementary field is infinitely 
omplex than an elementary particle 
itmosphere of the seventh Rochester conference on high energy physics 
n many ways considerably mor optimistic than that of any of the earlier 
Part of this optimism arose from an appreciation of the great speed 
h new experimental data are accumulating in laboratories throughout 
orld, despite the technical difficulties mentioned above Another set of 
opments, appearing to reveal new vistas in theoretical physics, concerns the 
ery recent observations indicating breakdown of invariance under space inver- 
sion (or interchange of “left”? and ‘“‘right’’) and charge conjugation in the weak 
interactions —specifically, in the decay of muons, pions, and nuclei 
Parity nonconservation. It seems at first paradoxical that the breakdown of 
long-cherished laws of physics can give rise to any sort of optimism, but in this 
connection we need only remind ourselves that the experimental overthrow of the 
oncepts of absolute space and time led ultimately to the special theory of 
relativity There is a note of irony, nonetheless, within the details of the recent 
developments. The ambiguous symmetry properties of K-mesons, which led Lee 
and Yang to their speculations on parity nonconservation, are still unexplained 
within the framework of theoretical ideas that account for nonconservation in the 
parity experiments of Wu and Lederman. Current ideas involve the so-called 
two-component theory of the neutrino, according to which neutrinos can be re 
garded as “right-handed” and antineutrinos as “left-handed Since neutrinos 
ed at each stage of the muon, pion, and beta decays so far examined 
ory can deal with these processes. But emission of neutrinos does not take 
n the decay of mesons of type tau and theta, where the problem arose 
Although the results on parity nonconservation and noninvariance under 
njugation represent a major break-through in modern physics, a great 
remains as to whether physical laws are invariant to the third fundamen 
nsformation: time-inversion. Experimental evidence on this point is still 
ind, but it was felt at the conference that it will not be long in coming 
important questions-without-answers are not lacking. The principle of 
ition of leptons and of microscopic causality, both of which bear on the 
high-energy processes, are assumptions about which more must be 
Chere is the question, stated most succinctly by Pauli, as to why “the 
i weak left-hander,” referring of course to the fact that violation of parity 
ition has been observed so far only in weak interactior We are provoca 
lose to some of the answers; perhaps the Eighth Conference (which will be 
immer of 1958 at Geneva) will bring some of the answers 


* * * 


lebted to Prof. E. M. Hafner of the University of ‘Rocheate 
evealed at the aeventh High Energy Conference 
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Nuclear Reactor Physics 


By RAYMOND L. MURRAY (Prentice-Hall, inc., 


Englewood Cliffs, N. J., 1957, x 
$10.00). 

Reviewed by A. F. tle 
Div., Westinghous« 
burgh, Pa 


317 poges 


There are two rather 
points that can be a 
to the most satisfact 
troducing the subject of 
Proponents of the 
out that 
based on an equatior 
Accord 
should by 


reactor tl 


ten down 
that it 
that the subject sho 
as a series of deducts 
tractable simplificats 
equation, They poi 
procedure prov iehe 

the validity of appro that 


must generally by olution 
to a practical proll is to be found 
and that it indicates alternate avenue 
of approach should the most tractabl 
approximations turn out to be invalid 

Those who subscribe to the second 
point of view grant all the arguments ol 
the purists but point out that most 


port 


iby trans] 


approximations sugges 
theory require a significant amount of 


mathematical anal usuall 
must be solved b ( Under 
these circumstances the physical con 
cepts needed for a clear understanding 
of the field are obscured by mathemati 
eal detail, Thus 


ter to start by examining an artificially 


the irgue, it is bet 


simple case and to add complexiti 
only after the basic p! 
grasped 

The proponent t! 
point will thoroughly enjoy Profe 
Murray's book Those who subs 
to the first viewpoint eel that 
the very least, the order 
should be reversed 

The book succor 
clearly and with an 
matical detail the b 
theor Phe 
adopted is to demonstrate these idea 


of reactor procedure 


by considering examples for which ele 
models iret 


that 


mentary mathematical 


fairly Complexities 


adequate 


may require more involved analysis 


are generally mentioned but are not 
allowed to obscure the er-all frame 
work of the theor rhus 


theory is presented with reference to 


diffusion 


142 


veakly absorbing media; slowing-dowr 


theory is described in terms of a large 
weakly absorbing system the deserip 


tion of cell theory | applicable pi 
graphite 


kine tics 


marily to a uranium-metal 


moderated core; the reactor 


eloped ipply accurate! 


equations dey 


onl to a large, uniforml loaded 


highly enriched reactor 

The order of presentation is from the 
particular to the general. Thus Pro 
\VIurray first introduces the idea 
then proceeds to the 


fessor 
of reaction rate 
description of diffusion theory and agi 
With these tools 

Next follow 


two-group theory and time 


theory criticality 1s 


discussed cccounts ol 
cell theory 
dependent behavior Problems involy 
ing core temperature ind reactor con 


trol are then discussed. The final two 


chapters serve to introduce the subject 
of transport theory and certain approx! 
mations to it. Throughout the text 
ery helpful numerical examples are 


| 


presented, and each chapter is followed 


b a collection of problems witl 


LEIS and reference 
The hook provide - i cleat Cole ( 
introduction to the problems of reactor 


theo and as suc h should be excellent 


is a text for an elementary course in 


the subject Those who 


further will tind the 


pursue thi 
field ha 
developed so fast that current method 
behavior differ 
cribed b 


ubject 
for estimating reactor 
considerably from those ce 
Prof. Murray The basi 
ind physical concepts that he present 


equation 


remain, of course, unchanged 
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reviewed 


page 


Clinical Use of Radioisotopes, edited 
by T. Fields and L Year 


Publishers, Ine 1957, 455 


seed Book 
( hu neo 
To be reviewed 


ples } 


A Handbook of Hard Metals, by W 
Dawihl (Philosophical 
York, 1956, vin + 162 

This book is A 


ind condensation prepared in England 


Library, In 
New 


$10.00 


pages 


translation 


from Dawithl’s original German manu 
which was prepared sometime 
previous to the end of The 
World War. The first part of the book 


discusses the 


script 


Second 


sintering technique ind 


the second part, the production of 


carbides 


Ne W- 
ton (Philosophical Library, Inc., New 
York $10.00 


The subj ct is pres nted on a first-year 


Electricity and Magnetism, by J 
1956, ix + 613 pages 


college level 


John Mander 
London, 1957 
This lit 


tle book relates, in a manner remark 


Work, by 


C,eorge Newnes Ltd 


Atoms at 
118 pages, about $1.50 


ibly innocent of technical jargon, the 


tory of the nuclear field 


Corrosion: A Compilation, by Mars ( 
Fontana (Hollenback Press, Columbus 
1957, 240 pages). This book 


gathers together monthly columns that 


Ohio 


have appeared for the past ten years in 
Industrial and Engineering Chemistry 
[It covers the causes and handling of 
orrosion problems as encountered wit! 
alloys 


metals ind nonmetals 


Report on the Atom, 2nd ed., by Gur 
don Dean (Alfred A Knopf, Inc., New 
York, 1957, vu + 359 $5.00 


A new chapter highlighting nuclear de 


pages 


elopments during 1953-1956 stands as 


secona 


the essential difference in the 
book In 


Comms 


Cordon Dean's 
Dean, former AKC 


the various nuclear 


edition ol 
37 pages 
poner, SUMMAPIZE 
uctivities during this three-year period 
Besides 


thermonuclear 


discussing such matters as 


energy for industrial 
purposes the Geneva conference, Presi 
dent Eisenhower's atoms-for-peace pro 
gram, economic factors facing domesti 
power projects and military uses, Dean 
strongest 
“Tt is clear that 


every 


perhaps makes his point in 
the area of education 
we should be 


effort to produce 


making possible 


i technological gene! 


ition to man what is essentially a new 
technologu il “nye Wi ire | ill 


ifraid, failing very badl 


ALSO OF NOTE 


Proceedings of the First Annual Con- 
ference of the Health Physics Society 
Copies are a ailable C. C. Palmiter 
kK ditor Health Physu Radi 
Control Service University o 


Vic SOM 


Society 


ation f 


Vichigar inn Arbor 
Radiological Health Handbook. This 
Publ LH Lith Service handbook edited 


Kinsman, was originally 


Seino0n 
for training courses at the 


Taft 
(Contents 


hh} iled 
Robert A 


(enter 


Sanitary Engineering 


glossar 


include a 


tables, chart graphs and nomo 


in sections giving physical 
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now available for the first time fron ‘om a comme? ercial supplier r 





B= RADIOACTIVITY STANDARDS 
OF SHORT-LIVED ISOTOPES 


Effective with the June shipment of Iodine-131 standards, Nuclear-Chicago 
will supply on the following semi-annual schedule short-lived 
beta and gamma radioisotope standard solutions of the type previously 


provided by the National Bureau of Standards 


MODEL NO. ISOTOPE HALF-LIFE AVAILABILITY 


RS-131 lodine-131 8.08 days June, January 
RS-42 Potassium-42 12.44 hours August, February 
RS-32 Phosphorus-32 14.3. days September, March 
RS-24 Sodium-24 15.06 hours October, April 
RS-198 Gold-198 2.69 days November, May 


Each sample will contain 10° dps/ml at the time of shipment and 

3 ml + 0.5%. Duplication of National Bureau of Standards instrumentation 
and methods and careful calibration with Bureau secondary standard 
permit statement of the radioactivity per ml to within + 3% of the rus 
value. Random samples from each distribution will be sent to the 


Bureau as a check on the calibration accuracy. 





nuclear - - chicago 


Cc Oo oe -_ Qo Ll ae 


235 WEST ERIE STREET + CHICAGO 10, ILLINOIS 


ya 
os 


POU PUREE ROOO CECE ORES EOE EEE ERE R EERE REREE ERE EERE EERE 


Nuclear-Chicago Ce | ’ 
235 West Erie Street, Chicago 10, Ill 


Gentlemen 


I am interested in the foll (Nome) 


standards 


lodine-131 Potassium-42 Phosphorus-32 
Sodium-24 Gold-198 (Company Name) 


Please pu 


(Address) 


at $20.00 per shipme (Zone) (State) 


eeeeereeereeee eevee eeeeeeeeeee 
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chemical and mathematical data; decay 
and radioassay data; radiation-protec- 
tion data; and isotope properties 
Office of Technical Services, U. S. Dept 


of Commerce Wa shington, D. C.. 83.76. 


Bibliography on Industrial Radiology. 
The sixth supplement is available, 
overing the years 1954-56. The sec- 
ond edition of the original work was 
published in 1943. St. John X-Ray 
Laboratory Califon, N. J.; 6th sup ple- 
ment, $3.00; all 6 supplements in one 


volume, $10.00 


CaT€ETS tn the peaceful , What's Available in the Unclassified 


: 4 ‘ Atomic E Lit t (TID-4550). 
applications of atomic energy es Sied seven of Gils exdde tis 


PHYSICISTS what information is available and how 
to get it. Technical Information Serv- 


For senior research positions. 
we Eztension, | S. Atomic Energy 


Advanced degree or experience in 
related fields desirable. Commission, P. O. Box 62, Oak Ridge 


Te nin., Noe harge 


Russian-journal translations. The 
| 

physical chemistry and applied physics 
THEORETICAL sections of the Proceedings of the 


. Academy of Sciences of the U. 38.8. R 
Develop theoretical methods for the treatment of 


are available in English translation 
new and unique problems in reactor criticality and Annual subscriptions are $160 and 


kinetics, thus providing a scientific base for the $200, respectively. Consultants Bur 
development of nuclear reactors. eau. Tou 227 W. 17th St.. New York 


je 


Scientific German. This handy little 
book, by George EK. Condoyannis, is 
EXPERIMENTAL intended, when augmented by a dik 
tionary, to make technical German 
Perform and analyze neutron physics experiments understandable to the reader with no 
to provide basic physics data for the study of new previous knowledge of the language 
reactor concepts. Also, to investigate the nuclear [t does not promise to engender pro- 
behavior of advanced reactor prototypes and zero ficiency in speaking or writing. 164 p 
power critical experiments. John Wiley and Sone, Inc., 440 Fourth 

ive... New York 16, N. Y., 82.50 


Scientific French. William N. Locke 


Write : Answer will be prompt and confidential has written this book to fulfill the same 


yt ose as ‘Scientific Ge see 
~ ATOMICS owe ) . 12 p | rove Wiley ond Sons 
) INTERNATIONAL $2.25 
seekers 7 A 4 F NORTH AMERICAN AVIATION N 
Mr. G. W. Newton, Personnel Office, Dept. C-61 


21600 Vanowen Street, Canoga Park, California 
(in the Suburban San Fernando Valley, Los Angeles) 


Effect of Irradiation on Solids. ‘This 
bibliography, compiled by Helen C 
Friedemann, is an expanded fourth 
edition of the bibliography originally 
compiled by Penn-Texas Corp. and 
issued by the AK( teferences are 
grouped as theory, metals, and non- 
metals Penn-Texas Corp., Nuclear 
Engineering Div., New York 19, N. } 

and The Martin Co Nuclear Dit 

Baltimore 3, Md 


Proceedings of the Instrument Society 
of America's National Nuclear Instru- 
mentation Conference. The proceed- 
ings of the April ’57 meeting include 


sessions on nuclear instrumentation for 
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industry health physics, unl- 

research and the medical field 
ession on basic instrumentation 
ms. Instrument Society of Amer- 


Gth Ave Pittsburgh eo. Pa... 


1957 Nuclear Congress Papers. Indi- 

dual papers of the Nuclear Engineer- 
Conference will be 
1958, at 30¢ 
each American Society of Mechanical 
29 W. 89th St., New York 18 


ng and Science 


until Jan. 15 


i ullable 


/ ngiuneeTs 
Vv.) 


LETTERS 


Addenda 
DEAR Sir 


I regret to call to your attention an 
rror in the data table accompanying 
SPERT-I stability article (NU, 

57, p. 41) 3068 

ld read 1.75% reactivity addition 


Transient 


r than 1.5% as printed. 


S. G. Forses, Supervisor 
Physica Section 

Reactor Projecta Branch 
{fomu Energy Division 
Phillips Petroleum Co 

Idaho Falla, Idaho 


ld like to call your attention 
misuse of our trademark 
Kol NU, July ’56, p. 28, Oct. 
51 The word Thiokol is a 
ed trademark for 
Thiokol 


nd includes not only polysulfide 


products 
tured by Chemical 
but also polyesters, plasticizers 
motors and propellants. It is 

f possible harm to our trade 
hat we feel it essential that we 
future reference to our mater- 


more accurate! made, such as 


le rubbers 


F. O. Davis, Supervisor 
Patent Section 
Thiokol Chemical Corp 


Trenton, N J 





Reprints Available 


Computers in Nuclear Engineering 


(May 1957)—$1.25 


Reprint Dept. 


NUCLEONICS 


330 W. 42nd St., New York, N. Y. 
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The Vacuum Switch Goes to Work 


IN HIGH VOLTAGE 
CIRCUITS 


DC 


EMIHILN, : 


- RADIO 


va # rECTRON 


Years of experimentation and commer- 
cial usage have demonstrated that Jen- 
nings vacuum switches can interrupt 
many dc circuits that cannot be easily 
handled in any other way. They can 
**make"’ the high inrush currents that 
occur when capacitor banks are dis- 
charged and they can interrupt the 
fault currents that occur during the 
flashover of a power tube in a trans- 
mitter. 


DC power supplies are now being 
switched ‘‘hot'’ from low power lev- 
els up to 250 kw under either normal 
or overload conditions. Overcurrent 
protection is excellent since operate 
times are only 4 to 10 milliseconds and 
deionization of the arc is extremely 
rapid in a high vacuum. Likewise, high 
voltage isolation, capacitor discharge, 
or safety grounding is easily accom- 
plished with contact travels of no more 
than %” regardless of voltage level. 
This makes possible solenoid actuating 
mechanisms that are simple in design 
and lend themselves to completely 
automatic operation. 


Please send us your circuit conditions. We 
can suggest vacuum switches that will solve 
most difficult dc switching problems. 


TYPE REG 


TYPE RHIG N/O 
for de interruption 
up to 200 kw 


Overload Circuit 


Breaker 


TYPE RIG N/O 
with 40 kv 
insulation 


TYPE RH7 65 kv 
N/C Grounding 


JENNINGS RADIO MANUFACTURING CORPORATION - 970 McLAUGHLIN AVE 
P.0. BOX 1278 + SAN JOSE 8, CALIFORNIA 





PRODUCTS AND MATERIALS 








Neutron Analyzer 





Adjustable Meter-Relays to Monitor Shippingport Reactor Neutron time-ol-flight analyzer has 
1.024 channels with widths adjustabl: 
from minimum of !>4-usee to higher 


Meter-relays shown in the monitor ur systems are contaminated, meter Llues Records 65,535 counts /chan 


panel for the Shippingport Pressurized — relays will actuate solenoid-operated 
Water Reactor will flash warning sig valves to control circulation 


nals, actuate audible alarms, and oper \lonitoring system is housed in aux 


nel with dead time of 16 wsee/count 
Memory can be divided into two 512 
hannel analyzers for recording simul 


eed iia control room Klectronic cu taneous but separate events Mag 


ate valves if radiation lev 
tolerance values. Meters combine con cuitry for 11 channels is mounted in etic-core memory has 92 vacuum 


roll-out slides behind removable doors tubes; control circuit has 80 tubes 


stant visual indication with easil 


justed preset relay contact All channels but one have low-level Power consumption is 20 amps at 115 


olts Radiation Counter Labora 
tories, Nucleon ‘ark, Skokie, III 


has a 3-deeade logarithmic scak flashers to warn of readings that might 
Monitors will (1) check for leakage indicate a malfunction of a monitor 


in water cooling system, (2) cheek radi Special features include etched wiring 


ation levels in boiler compartments to plug-in’ circuits, circuit uniformity 

make sure they are safe for maint tubeless power supplies, spare low Borescope. (un see inside reactors 

nance, (3) check ventilating and cooling voltage and filament power supplies from a safe distance Device can be 

air for contamination, and (4) keep Assembly Products, Inc., Chesterland nserted through openings as small as 

chart records of radiation | If = Ohte io In Unit has long tube with tiny 
neandescent lamy »bjective lens in 


RADIATION DETECTORS AND ACCESSORIES me end, and eyepiece = = ce 
ind erecting prisn ther, Nationa 


if Instrunn (0 Elmhurst 





Products Index 





Radiation Detectors and 
Accessories 146 


TV Camera Laboratory Apparatus 149 
Scintillation Detector \liniature TV camera can examine re New Materials 149 


Designed for operation y cal mote locations Measuring 544 in 
ratemeters or gamma ra pectre ong and 2 in. dia, 


eter, SD-1 has choice of three colli built-in light source Unit 


Reactor Components 150 
this camera ha 
can be Controllers and Recorders 150 


ators gives selection of focusing maneuvered with perlon cable which 5 Seccintinen Anetiilela 150 


depth and field aCANNnING Techni i} houses control wires Majestic Inter- 


Associates, 140 W. Providencia Av national Sales Corp., 79 Washington 
Burbank, Calif St., Brooklyn, N. Y. 


Industry Notes , 151 
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NUCLEAR NEWS FROM ATOMICS INTERNATIONAL 


Al develops reactors for 
largest power plants and 
smallest research labs 


\ wide selection of nuclear reactors, 
ranging in size from a 75-megawatt 
nuclear power plant to generate electric 
ity, to a S-watt laboratory instrument, 
have already been completed, or are at 
present under construction by ATOMICS 
INTERNATIONAL 


The Sodium Reactor Experiment, 
part of the Atomic Energy Commis 
10n'’s program to develop economical 
nuclear power, now undergoing tests 
in the Santa Susana Mountains near 
Los Angeles, will have an output of 20 
thermal mw and will generate about 
6.5 mw of electric power. It is the pro- 
totype of a full-scale sodium graphite 
reactor design, which will have a power 
output of 75 to 125 mw. ATOMICS 
INTERNATIONAL regards it as a promis 
ing reactor type for economical power 
generation 


The Organic Moderated Reactor, a 
relatively new approach to economical 
nuclear power, is particularly appro- 
priate for smaller plants. ATOMICcS 
INTERNATIONAL is completing con- 
struction of the Organic Moderated 
Reactor Experiment for the Atomic 
Energy Commission at the National 
Reactor Testing Station in Idaho, part 
of a development program for the 
OMR. Basic advantages of the OMR 
include compact core with good neutron 
economy, low pressure coolant system, 
and freedom from corrosion problems 
The OMR is also considered promising 
for ship propulsion, and ATOMICcs 
INTERNATIONAL is making a design 
study of this reactor type for maritime 


use 


Research Reactors are now being 
built by ATOMICS INTERNATIONAL for 
Japan, Denmark, West Germany, and 
West Berlin. They are similar to the 
ATOMICS INTERNATIONAL reactor now 
in service at Armour Research Founda 
the first to be designed 
specifically for private industrial 


tion, Chicago 


research 


The Laboratory Reactor is a new, low 
ost instrument designed specifically to 
meet the needs of universities and 
industrial laboratories for nuclear 
training and research 
ATOMK INTERNATIONAL, one of 
America’s major builders of nuclear 
reactors, is staffed and equipped to help 
ou with any phase of reactor develop 
ment. Please write: Director of Techni 
il Sales, Dept. C-73, ATOMics INTER 
JATIONAL, P.O. Box 309, Canoga Park 
California. Cable address: ATOMICS 
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. 
Reactor “heart”. An Al technician 


installs zirconium “cans” containing the 


graphite moderator in the core of the 
Sodium Reactor Experiment. The use 


of a sodium coolant allows a high 
temperature, low-pressure heat extrac 
tion system with high thermal efficiency 
of power conversion 














Typical OMR Central Station Power 
Plant. Basic advantages of OMR 
include small size, compact core, low 


Armour Reactor is a 50 kw water 
boiler unit for industrial research. It 
has nine beam tubes for experimental 
purposes 


pressure system, and treedom from cor 
rosion problems. This also makes it a 
promising reactor for ship propulsion 


Nuclear Nutshell. | aboratory Reactor 
operates at 5 watts of power and pro 
duces more than 100 isotopes. It can 
be operated by one trained man 


ATOMICS INTERNATIONAL 


PIONEERS IN THE CREATIVE USE OF THE ATOM 
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WASTE DISPOSAL 


* RADIOACTIVE 

* Explosives 

* Pyrophoric Materials 

* Poisonous Gases 

* Flammable Materials 

* Contaminated Equipment 

* Toxic Materials 

* Acids and Caustics 

COMPLETE SEA DISPOSAL 

Serving the U.S. Since 1946 
Truck pick-up for safely 
dangerous waste is pro ided by Cross 
roads, Waste can also be 
veniently to Crossroads for 
from any point in the country 
the proper type containers shipped in 
with ICC 
Crossroads will supply containers and 
shipping instructions 


removing 


shipped con 
disposal 


using 


accordance regulations 


if desired 


Authorized by all necessary 
Federal, State and Local Authorities 


j 


Call, write or wire 
mation 


MARINE DISPOSAL 
Crossroads “une pistas 
276 1 WHARF, BOSTON, MASS 
LAfayette 3-4908 


SEARCHLIGHT 
bY congo], | 


sified Advertiang 
INESS OPPORTUNITIES 


EQUIPMENT JSED of RESALE 


UNDISPLAYED RATE 
$1.80 a line Minimum 
DISPLAYED RATE 
$15.90 pe nel 


ADVERTISING INCH a 


umn, % columns—30 inches 








a TERRIFIC BARGAIN in a 


SOLA CONSTANT-VOLTAGE 
TRANSFORMER 
Ends fluctuating line 
voltage! 


BIG DISCOUNT OFF... 


the factory price at a l-input 2 
unit! And here's another bonus! 
Air Forees 2,000 VA overstock 
4 inputs! 00-125 V., 100-250 
secondary is constant 115.0 V rou o fu 
of 17.4 amp. So, if you « ee, Use , 2 * 
step-down, And slash § off the fa ' sput price! 


i 
Brand new in original wood box. 4 
ft. Bhip. wt. 254 ibe. F.O.B 
: Wash Only $147.5 
(EXPORTERS: Note choice of 50 cycles 
THE M. R. COMPANY 
P. ©. Box 1220-D Beverly Hills, Calif 





» BOTH, hae 
or 5O ay. leolatex 











New Advertisements 
received by June 10th will appear in the 
July issue, subject to space limitations 

Classified Advertising Division 
Nucleonics 

New York 


P.O. Box 12 16, N.Y 








Alpha Contamination Meter 


Model 2112-P, portable survey instru 
ment for alpha surface contamination 
measurement, consists of unsealed ai 
proportional alpha probe connected 
by cable to battery operated count 
meter. Meter thre 
ranges: 0-150, 0-1,500, and 0-15,000 


Unit will measure 


rate furnishes 


cpm a contami 
nation from 2 em?*/min to 2,000 em?’ 
min. Probe efficiency is ~25% for 
5-Mev 
from [ 
Chicago, 223 W 


i 


Low-Power Counters 


alphas from Rad + FE and 
Nuclear 
Chicago 10 


); tor 297 geometr 
Icrie St 


Model 100L operates 
ply of 150 volts d-e at 7.5 ma from 
0-100 ke 
powel decade counting units include 
100,000-pulses /sec 


Irom plate sup 
Specifications for low 


counting rate; 


5-usec pulse-pair resolution. Unit 
has 35-75 volts negative pulse input 
requirement with rise time of 0.8 psec 


and duration of 2 usec minimum 
( omputer-Measurem« nts Corp., 5528 
Vineland Ave., North 


Calif, 


Hollywood 


Pulse-Height Analyzer 


(Juartz line pulse-height analyzer with 


100 channels makes use of pulse- 
It re- 


cords spectrum data on long and short 


height-to-time converter unit. 
lived radioactive isotopes. Analyzer 


consists of expander amplifier, pulse 


storage element 


stretcher, delay-line 
and means for converting pulse height 
measurement.—N ucleonic 


196 DeGraw 8St., 


to time 
Corp of America 
Brooklyn 31, N. 


Gamma Switch 


Unit is switch rather than precision 


measuring instrument Consists of 
halogen-q ue nched G-M tube in cir- 
With dimen- 


f-in, switch oper- 


cuit with simple relay 
sions of ll & 10 
ates only received 


when radiation 


increases-decreases bevond predeter- 


mined level.—Isotope Developments 


Ltd SJeenham Grange, Aldermaston 


Wharf, England 
ae 


Prober. Model B60, a 
is based on Geiger principles 
~500,000 cpm 
mr/hr when exposed to radium y; can 
detect as little as 0.0005 mr/hr. Unit 
not affected by 


subsurface 
probe * 


Has sensitivity of 


small voltage ( hanges 


ind operates from 10° to more than 


212°] Length is 13 in; diam, 244 in.; 


v4 


a Nucleonic Corp o} 


se 


America 
196 DeGraw St Brooklyn 31, N. Y 
Mode! 


and liquids with boil- 


Gas chromatograph. GC-2 
inalyzes gase 
ing points up to 350° C with 0.1% full 
scale Accuracy Be 


ments, Inc., Fullerton 


kman Instru 


Calif 


Remote area monitoring. Unit is 
from 


as 20 


made for monitoring radiation 


single control center to as many 


remote stations. System is comprised 
of basic control unit, plug-in stations, re- 
mote sensing unit with sealed ionization 
chamber, calibration check source with 
strontium-90 beta 
with discriminator. 
up to 5,000 ft from 


system has 


emitter, and beta 


window Sensing 
elements can be 
control point; 
radiation rate at any point within de- 
tector’s range.—Victoreen Instrument 
Co., 5806 Hough Ave., Cleveland 3 
Ohio 
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LABORATORY INSTRUMENTS 
AND APPARATUS 





Pump Dispenser 


By elevating carboy above receiving 
with air 
Tube 
General Scientific 
7516 Limekiln Pike, 


hia 50, Pa 


ontainer and creating flow 


Ip syphon Is formed 
ngtt is 56-1n 


ent Co 


Fiuorimeter 


Instrument quantitatively analyzes 
im minerals by means of optical 
Light 


ple, and photomultiplier detects 


escence source excites 


fluore Reads directly amounts 
10-'° gm.—Mt. Sopris 
Instrument Corp., 1320 Pearl St., 
Boulder, Col 


cence 


Plast- 
and maintains con- 
up to 26,540° 
ullable in two sizes——S8O 
160 kw 
Heat source is plasma 


High-temperature source. 
itron produces 
ible temperature 
Unit is a 
140 volt 


LU.UO0U KW 


140 volts or up 


1djustable gas jet using various 
gases that is ionized by electri 

Ha sible 
Plasmatron. 18.400 S 


nta Ana, Calif 


flame from 1-6 
Main St., 


Transistor furnace. I[lectric furnace 
ing, brazing, solder- 


tors, other 


i for allo 
semiconductors, 
1440 Somer- 
\lass 


Engineering Co 

Pomer ille 15 
Ultrasonic Glennite 
[ 105 unit dr 


generators. 

es low-impedance ultra- 
transducer; has 500-watt r-f power 
operates at 40-ke fixed fre- 


selected frequency 


tout It 


lege OT at an 
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Guiton 
Ave., 


between 20 ke and 2 Me 
Industries, Inc., 212 
Metuchen, N. J 


NEW MATERIALS 


Chromates Prevent Corrosion 
of Aluminum in Pool Reactor 


Durham 


Chromate-conversion coating on under- 


water aluminum parts prevents corro- | 
sion during submersion in a pool-type | 


reactor. 
fected by neutron bombardment, 
Iridite #14-2 
to underwater parts in the U 


has been applied 
S. Naval 
Coat- 


finish 


Research Laboratory's reactor. 
ing is used on 0.02-in. aluminum fuel 
cladding as well as on core structure 
Doors leading into pool below water 
level and beam portholes in shield as- 
sembly are also coated. Aluminum 
components are in direct contact with 
other metals at some points, yet coating 


Allied 


Baltimore 


minimizes galvanic corrosion 
Research Products, Inc 


Md. 


Boron Steel 


Austenitic alloys 1% boron stainless 


has improved thermal-neutron ab- 


sorption properties. Available in 
plate, sheet, strip and other forms, it 
has these mechanical properties when 
thickness ranges from 0.005-—1 in: ten- 
sile strength, 90,000 psi; 0.2% 
strength, 50,000 psi 


is essentially 


yield 
Boron stainless 
alloy 


two-phase com 


posed of complex boride phase in 
austenitic chrome-nickel-iron matrix 
Material has been tested in water at 
550° F for extended periods for suit- 
EBWR 


Corp., Carnegie, Pa, 


ability in Superior Steel 


Metal, glass, or 
held to 
despite temperatures between — 420° 
and 1,000° J Called CA-9, the ad- 
hesive can be extended to 1.500° F by 
Material is 


Refractory cement. 


ceramics will be metal 


modifying composition 
waterprool 
affected by 


composed of ground phlogopite, poly- 


nonhydroscopic and un- 
most reagents. Cement 
oxides. 


S50 Passaic 


siloxane and refractory 
Charles Engelhard, Ine 
Ave Kast New irk, N J 


teen C'*labeled 


pecihe activities 


C'* compounds. &%i 
organics, most wit! 


of ~1.0 me/millimole have been 


added to manufacturer’s list Tracer- 


lab, 130 High St., Boston 10, Mase 


Coating is not noticeably af-| 


#10] 
#102 
#103 
#104 


#105 


WORLDWIDE 


Film Badge 


| Service 


/ 


Gamma 
X-rays 


and 
Neutrons 


"(Pay 


/ 
\A 
— 


Available in clip-on, 
wrist, or ring style 
for isotope and X-ray 
laboratories, medical and 
dental offices, and 
industrial plants. Write 
or ‘phone for Bulletin 
N20, containing complete 

@ low Cost information and prices 

@ Prompt, Reliable Reports 

@ Provides Permanent Records 

@ Covers Wide Range of Energies 

and Exposures 
@ 5 Filters for Highest Accuracy 


Your 

One 

Source 

of 
4 Nucleonic 
Equipment 
for 
Every 
Field 


Uranium and Oil 
Exploration Equipment 
Atomic Education 
Equipment 

Nuclear Labora 
tory Equipment 

Medical Radioiso 
tope Equipment 

Geiger, Propor 
tional, and Scintillation 
Detectors 


Send now for above 
new catalogs 
Dept 


NUCLEONIC 


Corporation of America 
196 Degraw Street 
Brooklyn 31, N. Y 

MAin 4-7370 


N57 





Flexible Ball-Bearing Control Link Has 977, Efficiency 


Mechanical device, useful for hot labs and other remote operations, transmits 


load through steel center blade supported along its full length by close-spaced ball Capacitors. Specifications of Elee- 


bearings. Push-pull control is 97% efficient. Has .009-in. backlash with small tromite capacitors are described in 


load and 180 degree bends; has 220 |b maximum compression for long range oper engineering bulletin 533.—Cornell- 
ation. Unit can be bent in any plane with small frictional increase—for example Dublier Electric Corp., South Plain- 
4% additional friction when layout bends 900 degrees Frictional load does not field, N. J 
increase with applied load.--Controlex Co of America, Westchester Count 
Airport, White Plains, N. Potentiometer instruments. four 
page bulletin discusses electron 
Speedomax G potentiometer instru 
ments for indicating thermocouple 
CONTROLLERS AND temperntures.—Leeds & Northrup 
RECORDERS 1934 Stenton Ave., Philadelphia 


14, Pa 


Plugs. Polyethylene caps and plugs 


are discussed in folder Protecti e 
) 2907 Elmwood Ave 
Buffalo 23, N. ¥ 


Closures Ce 


Facilities. Manufacturing of ele 
tronic test equipment components 
outlined in 12-page brochure.—Labo 
ratory for Electron Inc., 75 Pitt 
St., Boston 14, Mass 


Rectifiers. Physical and electrical 
characteristics of 10 silicon power re 
tifiers are given in data sheet 40 
Hughes Products, International Ai 


port Station Los Angeles 45, Calif 


Potentiometers. Datu sheet 54-23 
discusses linearity tolerances in pre- 
cision potentiometers; AN and CN 
precision potentiometers are des ribed 
Strip-Chart Recorder in data sheet 54-12; technical paper 


Model G-11. self-balanei: a om 762 reports on the “ Environmental 
( ' sCll-Dalam vy pechia 
Icffects on Precision Potentiometet 


recorder tabulates to +19 Recti 
Helipot (orp Newport Seach} 


linear strip chart is 5-in. wide in 85 ft 
‘ (aul 
rolls. Speeds from }¢ in./hr to & in 
min Weight 15 lb; cost $395 Varian 


Leak-proof blower handles corrosive Associates Instrument Division. 611 


Centrifugal Blower 
Densimeter. Series 27 densimete: 
ubject of 4-page report.—Potter 
toxic and radioactive gas Dy Hansen Way. Palo Alto. Calif cited ih a 
signed to operate at gas tempera e 

tures of 500° F, unit will aceom Radioactivity safeguards. Healt! 


modate 20 cfm of gas having Chassis for controls. Made for Sim and safety precautions against haz 


specific gravity of 6 and will develop plytrol and Versatrol package controls irds of radioactivity can be found 
150-ft heat in 2,000-psisystem. Con new chassis style saves space in built-in bulletin 407.—-Nuclear Science & kt 
sists of centrifugal blower and canned flush-mounted applications Chassis gineering Corp., PO Box 10910, Pitt 
staal ire 4'4 in. wide, 7%¢ in. deep Assem burgh 36, Pa 


bly Products, Ine., Chesterland, Ohio 


motor sealed in hea taink 


enclosure. Radioactive contamina 
Recordings. Six page folder sho 
tion and water = corrosiven in 


Telemetering. Called Mlectro oscillographs, amplifiers, Penmotor 


rotorand bearing cavity are limited | Span,” system has instruments to meas ies 


direct-writing recording 

ire pressure, temperature, fluid level tems.—Brush Electronics. 3405 Per 
-Chs TS fy fox 512 ‘ , ean ; 

Allis-¢ halmer Mfg ‘ | relay data digitally Bendiy Avia 


labyrinth seals at water-gas interface 
KInS , leveland 14, Ohio 
Milwaukee 1, Wis tion Corp., 11,600 Sherman Way 


«@ North Hollywood, Calif Laboratory glass. Laboratory bu 
rettes are listed in catalog SOC100 
Sodium-level transducers. Units are Pressure transducer. [Has pressure tah ad'l Machine it 10 Jackson 
isch ‘ 0 ti | 0 | JUCKS \ 
designed to sense level height of liquid ranges from 0-2 to 0-250 psi Offered Ba Bethoen P 


e 


sodium and other liquid metals. Level with potentiometer cards in resistance 

ranges are available from few inches to ranges from 0-2,000 to 0-20,000 ohms Analytical instruments. Laborato: 
30 ft.—Crescent Engineering & Re Unit is 2%, in. long, 27¢ in. dia analytical instruments— spectropho 
search Co., 5440 N Peck Rd., El Monte weighs 6 oz Bristol Co., Waterbury tometers, monochrometers and fra 
California, 20. Conn trometer ire noted in 16-page 
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Nor- 


Perkin-Elmer Corp. 


in 


‘Your 


48 a Techni- 


Career opportunities. 


rtunities in Industry 


Op- 


title of 32-page booklet on 
to select and train for technical 
Association ol 
2 Kast 48 St., New 


National 
cturers 
it, Mad 
Hydraulic valve. Catalog sheet 811 
lescribes spring-loaded, diaphragm- 
d hydraulic pilot valve.—At 
e Co., Newark 5, N. J 


Both hot- 
lorming equipment, are di 


Metal-forming machines. 


!-page pamphlet.—-Fenn 
Machinery 


Vewington, Conn 


Division, Fenn 


Computer. Pamphlet describes use 
data 


SSC) 


ectroni and 
ng Data Control Ltd 


loronto 5, Ont 


computation 


data 
cusses computing digital indi 
Dynac, Ine., 395 Mill 
Palo Alto, Calif 


Digital indicator. Two-page 


ta 


Page 


Atomic letter 25 
rts on uranium requirements in 
(Atomic Development 
033-30th St., N. W 
1). ¢ 


Uranium demand. 


Fund 
\W ashing 


construction. “Engineering 


Industry and 
ment’’ is the title of a 48-page 
Ralph M. Parsons Co., 617 


Angeles 14, Calif 


truction for 


st Los 


carbide. 


tungsten carbide with platinum 


Tungsten Characteristics 


or corrosion conditions are 
in 2-page bulletin.—Kenn 
Latrobe. Pa 


Radiation protection. Four-page 
et describes lead shielding mate 


(mera Rte. 46, Kenvil, N. J 


INDUSTRY NOTES 


» Carborundum Metals Co. will begin 


n of reactor-grade zirconium 


ant sometime this summer 


P Nuclear Magnetics Corp., a Perkin- 


Elmer subsidiar has moved from Bos 


t rent company headquarters in 


P Isotopes, Inc., has formed Crystals, 


Inc ; new subsidiar to do research on 
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all phases of crystal growing. Facili- 


ties will be in Westwood, N. J 
& Servomechanisms’ Magnetics 
sion has completed its new 


Calif 


plant in 
Hawthorne 


P National Research Corp. has pro- 


moted James H. Gardner and Arthur 
G. Walsh as assistant directors in its 


research division 


PB. F. Armbruster 
Chicago Corp. us 
controller 


Pr Lee Foster, Jr 


High Voltage Engineering Corp 


joined Nuclear- 


treasurer and 


previously with 

has 
joined Baird-Atomic as vice-president 
and sales manager He Wis succeeded 
by E. Alfred Burrill 


High Voltage since 


P John Carter Works 
vice-president, elected president, Fair- 
child Camera & Instrument Corp. 


who has been with 
1947 


Corning Glass 


P Applied Radiation Corp. has opened 
its Walnut Creek, Calif 


to manufacture electron linear 


plant in 


accelerators 


P Norton Co. William fk 
Winemiller to manager of sales engi 


promoted 
neering department in its refractories 
division, 


P National Distillers & Chemical Corp. 
of National Distillers 
Products Corp. A U. S. 
Industrial Chemicals Co., will retain its 


present name 


is the new name 


subsidiary, 


P Assembly Products, Inc., has elected 
John D. Saint-Amour as president and 
Robert H. Pugsley as sales vice-presi- 
dent They Bradley R 


Thompson both 


succeed 
held 


was elevated to board chairman 


P Duane M. Ma 


ment general sales manager 


who posts; he 


hew Victoreen Instru- 
was ele 
William 


recently with Tracerlab 


vated to sales vice-president 
A. McCarthy 


was named sales manage! 


P international Business Machines 
Corp. has opened. tte 
ott 


first radioisotope 
7. 


component ol ite 


to study 
data 


laboratory in kndi 
and analyz 


processing machine 


new 


PB Union Carbide Corp. is th 


name of Union Carbide & Carbon Corp 


Nuclear Corp. of America was 
quired by Baker & Co., subsidiary of 
Engelhard Industries. Nucor 


main under present management 


will re 


divi- | 


no 


} 


Model M 


A NEW WAY TO 
MEASURE 
MAGNETIC FIELD 
SO 


aliniiiaa’ 


td 


and rapidl 


The NUMAR?® Precision Gauss- 
meter utilizes the principles of 
nuclear magnetic resonance, by 
which the nuclei of certain chemical 
isotopes resonate at spec ific fre 
quencies when subjected to various 
magnet fields. It then be« OmMes POs 
sible to determine the 
any magnet by placing in its field a 


strength of 


sealed probe containing known iso 
rhe resonant frequency then 
the 


topes 
becomes an exact measure of 
magnetic field strength 
Because of its extreme accuracy— 
up to one part in 10°—rapid per- 
formance and convenient operation, 


the Gaussmeter is ideal 


® for field strength measurements 
of deflecting magnets suc h as 
those associated with high-energy 
partie le accelerators and electro- 


static generators 


forcalibrating standard magnets 
and for laboratory equipment 
field measurements 

for magnetic field plotting of con- 
tours and gradients 

as an educational tool for re- 
search involving nuclear magnetic 


moments 


1 sealed 
probes one illator and power supply 
Write for 


and information Bulletin M-212 
"TM 


Instrument includes 


comple te spec ifications 


erkin-Elmer 


AWaALK ‘ JT 





Where 
FLOW RATES 
oe On a he el Oe ee 


IOLA —) oe e110 — 34 — Le Ba — Oe — Ia — wa — ol 


In nuclear reactors where the slightest flow-rate decrease 
in coolant, moderator and other fluids must 
be detected immediately and accurately 
Pottermeter bearingless turbine-type Flow-sensing Elements 
are fast becoming standard 


Pottermeters feature a patented venturi and 
iTorelilale MMM aoliola@ee(-t ile MelsleMael Mol Milelel Mm slcelallaeliby 
any non-magnetic material. Reliable high pressure and 
temperature operation is assured in a wide linear 
range of flow rates with high repeatable accuracy. Ideal 
for high temperature water, corrosive and 
contaminated liquids. Can be utilized with all types 
of indicating, recording and/or control instrumentation 


Write today for Bulletin N-] 


POTTER 


engineered 


POTTER AERONAUTICAL CORPORATION 
U.S.Route #22 * Union, New Jersey 
LY \Gigelela Meo ne OREO) 


NEWSMAKERS 


Robert W. Kirkman, with AEC’s New 
York operations for the past 10 years 
as security head, has been named in- 


spection director for that office 


Clevite Research Center’s nuclear 
metallurgy section has appointed 
Robert D. Johnson us its head. He was 


previously with Battelle Institut 


Henri Polak is Atomics Internationa!’s 


new Luropean representative. 


Murray Medvin, former AEC assistant 
general counsel, has joined Gulton In- 
dustries as executive assistant to the 


president 


Argonne National Laboratory has ap- 
pointed Carl W. Larsen executive as- 
sistant for public information and Lynn 
K. Hurst director of the special mate- 


rials and services division 


John C. Herrera and Edwin Westbrook 
have joined High Voltage Engineering 
Corp. as senior engineers. Herrera was 
previously chief engineer with New 
London Instrument Co., and West- 
brook was with Federal Telecommuni- 


ation Laborator' 


Shell Development Co. has named 
D. P. Stevenson as associate director of 
its fundamental research group. He 
will be succeeded as head of the chemi- 


cal phy sics de partment by J. W. Otvos. 


National Distillers & Chemical Corp. 
has elected Robert E. Hulse, general 
manager of its chemical division, to be 
executive vice-president—a new post 
Also Robert H. Cornwell, Alden R. Lud- 
low, Jr., Francis Olmstead and Stuart 
Schott were named chemical division 


vice-pre sidents 


Union Carbide Co.’s research center in 
Sterling Forest, N. Y., will be adminis- 
tered by H, Rush Spedden, research 
director, Union Carbide Ore; and F. W. 


Hurd, research director, Union Nuclear 


U. 8. Radium Corp. promoted C. C. 
Carroll to be research coordinator. 
He is succeeded by H. A. Vaughan as 


manager of the Bloomsburg, Pa., plant. 


Alexander Hollaender, director of the 
biology division at Oak Ridge National 
Laboratory, was elected a member of 
the National Academy of Sciences 
John W. Bond, Jr., was appointed head 
of Convair’s (San Diego) physics group, 
a new section to study nuclear 
propulsion 
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Radiation Counter Laboratories of 
Skokie, Ill promoted Robert W. Schu- 
mann, chief development engineer, to 

pre sident for research. Vernon L. 
Brown, formerly chief engineer, suc- 


ls Schumann, 


H. G. Raggoatt was appointed deputy 
iurman of the Australian Atomic 
Commission. He is secretary 
Department of National Devel- 
nt, and has advised Australia’s 

Ai-C on uranium mining since 1953. 


Daniel |. Weinberg, Gerald H. Katzin 
ind Earl M. Page have joined Ad- 
inced Scientific Techniques Research 


A ates (ASTRA) of Milford, Conn 


Battelle Memorial Institute has pro- 
moted Edward E. Slowter to vice- 
president 


Armour Research Foundation has ap- 
pointed Frank Genevese as assistant 
ger in its propulsion and fluid 
inics research department. He 

| done nuclear physics work at Kellex 


Tracerlab has elected Samuel S. Auchin- 
closs as president and board chairman 
eeding William O. Faxon who re- 
igned Auchincloss had been head of 
American Machine & Foundry’s Cleve 
land welding division. Faxon had suc 
ceeded to the top spot only a year ago 


Paul C. Aebersold, director of A-C’s 
Isotopes Extension at Oak Ridge from 
its establishment in 1947 until its 
transfer to Washington last year, has 
bes named Assistant Director for 
Isotopes and Radiation of the Division 

( ian Application, with offices in 


ngton 


Stewart M. Lang, ceramic engineer at 
the National Bureau of Standards 
vas awarded a Department of Com 
silver medal for his work on the 
temperature physical, chemical 
thermodynamu properties of ce 
materials in their nuclear 


ations 


Edward A. Mason has left lonics, Ine 

is! arch director to become prolessor 
iclear engineering at Massachusetts 
titute of Technology 


ynal Research Council of Canada 
umed Harry Williamson as its 


iaison officer in W ashington 


I). ¢ 


Clydel Cowan, Jr. vas appointed pro 
r phy rT George Washington 


| rsity, after eight years’ service 


AEC in Los Alamos 
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for Super-Fine Cutting 
of Hard, Brittle Materials... 


the vy, 
Industrial Airbrasive® Unit 


This delicate cutting job was done with our Industrial Airbrasive Unit 
just to show you how its high-speed, gas-propelled stream of 
abrasive particles produces a fast . . . cool shockless cutting action 


New industrial uses for the S. S. Wurre Industrial Airbrasive Unit 
are being discovered every day. Developed from the Airdent 
equipment made by S. S. Wuite for the dental profession, the unit 
can be used in wire-stripping calibrating to remove 

surface deposits . etch glass cut germanium and other 
crystalline forms or to etch, drill or light-debur 

almost every hard, brittle material 


The Airbrasive Unit does these, and many other jobs 

that used to be difficult — or downright impossible — to accomplish 
by previously known methods. Think of your own product 

Do you have a process that our unit can solve? Send us a sample 
and let us try out the unit for you. Or, for further information, 
just write to 


Lib 


First Name in Airbrasive Cutting 


S.S. White tndustrial Division, Dept.9 


10 East 40th St., New York 16, N. ¥ 


ffice: 1839 West Pico Bivd., Los Ange 





VITRO ENGINEERING— 
and the New Age in India 


TITRO Engineering Division has received the réle of engineers to 
the Indian Government in building the world’s largest heavy 
water and fertilizer complex. 


Vitro Engineering’s part in this $46,000,000 development includes 


design of the heavy water plant, the primary electrolysis plant for 
hydrogen production, evaluation and selection of fertilizer processes, 
site development, and supply of services. The plant, near the Bhakra- 
Nangal Dam, will supply a titanic 200,000 tons of ammonium nitrate 
fertilizer annually, plus heavy water as needed for India’s nuclear 
program. It is a plant worthy of Bhakra-Nangal, one of history’s 
greatest dams. 


The plant’s flow sheet is classically simple. Electricity, air and 
water are the primary raw materials. Yet to convert them into heavy 
water and fertilizer on a massive scale requires top engineering per- 
formance. This is why Vitro was selected in competition with the 
leading engineering firms of the world. 

Vitro Engineering, now well engaged in foreign activity, is also at 
work in Europe, where it is designing Italy’s principal nuclear re- 
search center. 

These diverse international projects demonstrate again Vitro’s 
ability to design and engineeer facilities across the spectrum of 
modern technology 


Write for information to VITRO ENGINEERING DIVISION 


- 
SIU CORPORATION of AMERICA 
261 Madison Ave., New York 16, N.Y. 


@” Research, development, weapons systems ‘ Thorium, rare earths, and heavy minerals 


4 Nuclear and process engineering, design © Recovery of rare metals and fine chemicals 





s Refinery engineering, design, construction AU wircratt components and ordnance systems 


4e Uranium mining, milling, and processing > Ceramic colors, pigments, and chemicals 


NUCLEAR CAMPUS 


© Columbia University has set up a 
Council for Atomic Age Studies, objec- 
tive of which is to make Columbia a 
center for the study of problems facing 
society as a result of the development 
of atomic energy As these problems 
overlap many fields of activity and of 
learning, so the Council’s work will cut 
across many fields including physics 
engineering, medicine, international re 
lations, journalism, business, philoso 
phy, and law It will ‘“‘stimulate 
organize and supervise”’ studies, Pos- 
sible projects include issues in inter- 
national development of nuclear power 
that involve research in technology, 
law, economics and foreign policy; and 
joint studies on the effect of new forms 
ind sources of power on industry and 
igriculture, on physical and mental 
health, on our domestic economy and 


our communities 


Courses 


\ radiation-biology summer course 
will be held July 1-26 at Argonne Na- 
tional Laboratory for persons with bio 
logical research experience Course 
fee is $25 

Nuclear reactors and radiations in 
industry will be offered this summer 
Aug. 19-30 at the Univ. of Michigan’s 
College of Engineering, Ann Arbor 

Massachusetts Institute of Technol 
ogy will offer radioisotope utilization 
principles July S-19 

Radiation for industrial physicians 
and lawyers is subject of a one-week 
course starting Sept. 9 at U. of Cin- 
cinnati’s Institute of Industrial Health 
ind College of Law The course is 
directed at the two professions simul- 
taneously to enable each to understand 
the problems, professional responsibili- 
ties and limitations of the other when 
lealing with medical and legal prob- 
lems of radiation Puition is $100 
Write Secretary, Institute of Indus 
trial Health, U. of Cincinnati, Cin- 
cinnati 19, O 

Discussion seminars on radioiso- 
topes for industrial management and 
technical personnel are being offered 

Isotopes, Inc., at its labs, 123 Wood 

id Ave., Westwood, N. J. They will 
he scheduled at times suitable for 
nterested companies, at no cost or 

ligation Aim is to help manage 
ment become familiar with potential 
<otope uses in their sphere of interest 
ind to learn of new developments in 
the field. Write D. R. Carr, Isotopes 
In 
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NUCLEAR CALENDAR 


10-12—-Third meeting, 
American Nuclear Society, Pittsburgh 
Wm. Penn-Sheraton Contact W 
W. Grigorieff, exec. Box 963, 
Oak Ridge, Tenn 


June innual 


secy 


12-14 


urety 


June Second annual radiological 
co-sponsored by 
College and N y State 
thor Dept., at Canisius College 
suffalo. Designed to provide up-to- 
ite information and technical assist 


conference 
‘ anisius 


ice needed by users of radiant energy 
n industry to insure maximum pro- 
ection of workers; exhibits will relate 
echanical aspects of industrial use of 
diation to health and safety hazards 
Industrial Commis 


Lubin, 80 Centre St 


f ontact State 
one; Isador 
YC 13 

> 15-Sept.8 International exhibition 

Vhe Atom 


\msterdam 


near Schiphol airport 
len countries including 
US and USSK will participate 


16-21 Annual meeting Am. So 
or Testing Materials, Atlantic City 
Chalfonte-Haddon Contact Fred } 
Van Atta, 1916 Race St., Phila. 3, Pa 


June 


17-19 Third 
Health Physi 
Pittsburgh t 

n, ORNL, Oak 


innual meeting 
Society, Pittsburgh 
Contact L, C. lsmer- 


tidge, Tenn 


June 


20-22 


ety of 


annual meeting 
Medicine, Okla 

Contact R. W 
Den 


Fourth 

Nuclear 

ma City (Skirvin 

ckey, 452 Metropolitan Bldg., 
Colo 


June 


on powde r metal 


June 27 28 Meeting 


wy Diisseldort Crermany Con 
Metallurgy 


1 Dilan ldorf 


Board for Powder 


nz-Georgstrasse 77 


First international colloquium 
photography, under 
National 


Stra 


orpuscular 
pies Frenet Center ol 
entifie Re 


Contact P 


search, bourg 


Cuer, director 


ince 
Corpuscular Physics Laboratory, Uni 


of Strasbourg 


79 
istrial appli ations of 
Denver Re 


/ Latest de 


sixth conterence on ip 
X ray 
earch Institute 1/ 

clopments in X-ray 
fluores 


intial 


Aug 
inaly 


orption, diffraction and 
James P 


Denver 


ee inalysi Contact 


kledge, DRI, Univ. of 


Aug. 20-22 


on counting 


Conference on liquid seintil 
Univ 
Levanston 
single 
chemustry of liquid 


Northwestern 
I's hnological Institute 

Coincidence counters, 
innel counter 
ipplications in biology 
, industry archaeology, phys 


ntillators 
edicine 
Con 
Alamos 


chemistry and engineering 
I Newton Hayes, Lo 
M 


Sept. 9-13 —International conference on 
lear “tructure co-sponsored bh 
International Union 


Applied Physics, at Re 


co and 


re ind 
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Israel ( ontact Amos de 
Shalit, nuclear physics department, 
Weizmann Institute of 


fehovoth 


hovoth 


Science, 


Sept.9 14 


action ol 


Colloquium on nuclear inter 
International 
Union of Pure and Applied Physics, 
at New York Contact W W 
Havens, Pupin Laboratory, Columbia 


NYC 27 


neutrons 


Univ., 


Sept. 9 20 
radioisotopes in 
Paris 


International conference on 


scientific research, 


Unesco, in Purpose: exposi 


tion and discussion of new ideas o1 


radioiso 


Plenary 


methods for utilization of 


topes in scientific research 
sessions on production and measure- 
ment techniques, section meetings in 
physical and biological applications 
Dept of Natural 


Unesco, 19 Avenue Kléber, Paris & 


Contact Sciences 


Sept. 22-27 


rec ently ~disco 


Colloquium on mesons and 
vered Inter 
Applied 
Prof 
Politecnico 


particles, 
Pure and 
Contact 


Union of 
Venice 


director 


national 
Physics, in 
Kligio Perucca 
Turin, Italy 


Oct. 6-12--Ninth energy course 
for management, National Industrial 
Board, in Chicago (Hotel 
Voraine-on-the-Lake), Highland 
Park, Ill Contact John Me Mahon, 
NICB, 460 Park Ave., NYC, 


tom 


(onterence 


Oct. 28 Nov. 1—-Autumn Nuclear Week 
in New York Included are: 28-30th, 
fourth annual meeting of the Atomic 
Industrial Forum (meetings Plaza and 

“ aldorf 28 

Fair of the 


AIF 


Coliseum 

31st, third 
(Atomic Industry, sponsored by 
28 3th winter 
meeting of the Amercan Nuclear 
Henry H 3st, A 

ANS-AIF reactor conference 
And IRI Professional 
Nuclear holds fourth 
meeting 31-1st (Henry Hudson 


banquet 
innual Trade 


{ oliseum second 


society wlaon 
salety 
(sroup on 


annual 


screened 


world 
American Society 
Contact W. H 
CONnTeCSS ecretary 
Cleveland 3 8th, 
conterence of nondestructive 

Contact G. H. Tenney, 704 
N. M 


Nov. 2.8 


congress 


Second metallurgical 
for Metal . 
lisenman 


ASM 


interna 


( hic igo 
general 
ah ond 
tional 
testing 


7th St Los Al 


Nov. 7-8 
Philadelphia ection ol 
America 


Subject 


enth annual Vinposium 
Instrument 
Philadelphia 


society ot 


Sheraton new ideas in 
ed from nuclear 
development Instruments Fair in 
cluded ( Warren Brand 
Conoflow Corp 2100 Arch St 


Philadelphia 


instrumentation evol 


ontact 


Dec. 24-26 


ind = densit al 


on nuclear sizes 
tribution, National 
Palo Alto, Calif 


Hofstadter, Stanford 


onterenes 
Science Foundation 
Contact Robert 


Uni Palo Alt 


-—=_WHERE TO BUY=—— 








FILM BADGE 


SALES and SERVICE 





(Steinless steel—weight | ox.) 

Beta, Gamma, X-ray, Neutron, and 
monitoring and 
Provides low 


Write for 


mixed radiation 
consultation services 
cost permanent records 
details 

Prompt, reliable service 


NUCLEAR SERVICE LABORATORY 


4020 Buffat Road, NE 
Knoxville 14, Tennessee 











URINALYSIS SERVICE 


NSEC laboratories are staffed and equipped to 
perform routine and emergency urinalysis for: 
* Total uranium * Pelenium 
* Enriched uranium ° Fission products 
* Plutonium * Gross activities 
* Other radioactive isotopes 


Nuclear Science and Engeneonng Comp 


Subsidiary of Norden-Ketay Corporation 
P.O. Box 10901, Pittsburgh 36, Penne. 








RARE EARTHS 


Highest compounds for 


fundamental research in physics and 


purity 


chemistry 


Write for 
ol rare 


nlormation 


earth compounds 


The Gows Chemical Co., Inc. 
P.O. Box 443, Laramie, Wyoming 








GLOVES 


ordion type w straight sleeve neo 
rubber or surgeon rubber 
ring systerm for field aun 
DELIVERY 

M. Lennard Co., Inc 

P.O. Box 56, Village Station, New York 14, N.Y 
Phone Sterling 9-2420 


Hellows «a 
prem lead 
omplete 


0 
IMMEDIATE 
Ld 


mibly 








Larger Sizes Now Available 
Hi-D” LEAD GLASS WINDOWS 
For use in steel, lead, and concrete walls 

Send for Circular GS-4 


PENBERTHY INSTRUMENT CO. 


4301 6th AVE. SOUTH «+ SEATTLE 6, WASH 











DRY BOXES 
GLOVE BOXES 


with atmosphere controls of 

and transparent pilasti (Custom meta and 

Plastic fabricatior P.M. Lennard Co., Inc 

P.O. Box 56, Village Station, New York 14, N.Y 
Phone STerling 9-2420 


stains ee 
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EMPLOYMENT OPPORTUNITIES 


The Advertisements in this section include all employ opporty ytive, management, technical, selling, office, skilled, manual, etc. 
Positions Vacant Civil Service Opportunities Employment Agencies 
Positions Wanted Selling Opportunities Wanted Employment Services 
Part Time Work Selling Opportunities Offered Labor Bureaus 


a ) 
l\ / ( 
NATIONAL ( OIEPLAVED —RATES— UNDISPLAYED 
ik payment count 5 average words as a line. 


he advertising rate is $16.75 per inch for all advertising 


appearing on other than a contract basis, Contract Positions Wanted—The rate is one-half of the above 
rates quoted on request. payable in advance 





r An advertising inch is measured j” vertically on a Box Numbers—counts as | line 
” i : column—3 columns—30 inches to @ page. Discount of 10% if full payment is made in advance for 
Subject to Agency Commission 4 consecutive insertions. 
$1.40 per line, minimum 3 line To figure advance Not subject to Agency Commission 


Send NEW ADS or inquiries to Classified Advertising Division of NUCLEONICS, P. O. Box 12, New York 36, N. Y. July issue closes June 10th 
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NUCLEAR PHYSICAL CHEMIST 
* HEALTH PHYSICISTS INSTRUMENTATION | | iiorstory an cio se testa Ss 


reaction kinetics involving mass spec- 
* SOLID-STATE ENGINEER amen es 
PHYSICISTS 


Applicant should have Ph.D. in Phys- 
Department Head Level ical Chemistry with good electronics 
e SOLID-STATE CHEMISTS 
© ENGINEERS 


background, and one to four years 
$ years specialized experience in the experience with high vacuum tech- 


development and application of nu niques, Write 


clear instruments such as: scalers EMPLOYMENT MANAGER 


count-rate meters, gamma ray spec OLIN MATHIESON CHEMICAL CORP. 


If you are interested in growing trometers, scintillation counters Mow Maven 4, Conncatiest 








with a small company which em 


Write: R. H. ROGERS 
PHYSICIST 


B J ELECTRONICS $14,000-$17,000 « vr. 
Solid state heavy math Development project 


for ommercial reactors Employer pays fee 


Borg-Warner Corporation For confidential and prompt. service send 


resume to 


3300 NEWPORT BOULEVARD BOB POORE 


SANTA ANA. CALIFORNIA 202 S. State St. Suite 1116 Phone Harrison 7-6337 
r Chicago, III 


phasizes researé h and individual 
ity and whi h_ offer excellent 
fringe benefits and stock options 


please send your resume to 








AMERICAN NUCLEAR 
SCIENCE CORPORATION 


61 BROADWAY, NEW YORK 6, 
N. Y. 








ENGINEERS RADIO-CHEMIST 


If you have been looking for an Employment 
Agency that is skilled in the STATE OF str 
ART of Technical Recruitment and RELI anaes alain acta ee 
ABILITY OF INFORMATION concerning active materials), to assist in development of 
positions, why not communicate with us at vedieactive metheds and products 
once ! All Positions Fee Paid Pea ; 2 ° 3 

pplicant must have to years’ experience 
FIDELITY PERSONNEL SERVICE in radicactive work and possess BS of MS 
oe oe % ear wen Pe. degree in chemistry er chemical engineering 
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PAAAAAAAAAAAAAAAAAAAAAAAAAA 


PAAAAAAAAAAAAAA 


Liberal employee benefits. The location, in a 
small Northeast Pennsylvania community, is 


TECHNICAL DIRECTOR conducive to pleasant living. Relocation assist- 


REPLIES (Box No.): Address office care you ance given 
c/o This publicatio n Class ified é ' $15 000 Submit complete resume of education, experi- 
NEW YORK: P.O Box 12 (36 New company formed by three of U. S. most ence, references and salary requirement to 
CHICAGO: 520 N. Michigan Ave respected corporations to develop new metals r Sh . ’ 
SAN FRANCISCO: 68 Post St alloys and applications in atom missile John igo, Jr Dir. of Personnel 
electronic and industrial fields U. S. RADIUM CORP 
Challenging problems and new horizons pro 
vide job satisfaction, Spectacular performance Bloomsburg, Pennsylvania 
can lead to administrative responsibility over 
Opening in the Department of Radiology, lsotope large group, and much higher compensation 
Laboratory, for responsible indiv idual, cademi This is truly a ‘‘ground floor’’ opportunity 
appointment, research opportunity. Position and Company pays agency fee and relocation ex 


salary commensurate with experience and back penses P 
roune m u requirements mn Physic cGgaress ics in strictes conndence | 
— hg W Moo - Ph D I ben Ada . PAUL E DW ER | ROFESSIONAL 
of Illinois, 840 8, Wood Street, Chicago 12, Hlinoi . a : = Y S 
anager uclear Placements 
Position Wanted CADILLAC EMPLOYMENT AGENCY ERVICES 
220 S$. State $., Chicago 4, Ii! : — 
Creative Thinker—Instrument Specialist. Present WaAbash 2-4800 


head of emission spectrochemical laboratory de 
sires work emphasizing instrumental design or ap 


Petit iter and speaker. PW-5089, Nucleonics PHYSICIST required by OMEGA ENGINEERING CO. 
SASK. DEPT. OF PUBLIC HEALTH dalists in engineering and piping design 


SALARY RANGE: $496-$59 = for reactor fluid systems, structural contain- 

: , pees OS MOR ment, test loops, purificatio 

Laboratory ng ment Repair Co. 1810 W REQUIREMENTS: Completion of a four years a o& Suniiention eptems en6 ware 

Ogden, Cheo fir AO-Beckman-B& L-Coleman honours course in physics and a sraduate de sposal systems. Contact Mr. Brodsky 

Klett Leitz gree in physics, considerable experience in ra 70 East 45 St N. ¥. 17 

diation physics or in a@ related field and, pref apt ethe. 

erably, experience and interest in isotopes Murray Hill 9-7254 

For Sale The appointee will work in the Allan Blair 

Memorial Clinic in Regina Sask Canada 

- Equipment and facilities include superficial and i 

Physical review 19580 through 1956 (Volumes 7 medium voltage X-ray apparatus, an isotope ARCHITECT ENGINEER SERVICES 

inclusive) $155.00 postpaid FS.51 Nucleon laboratory and a cobalt 60 rotating apparatus , Mechanical-Electrical-Ci vil-Structural 
which will te imstailed in the course o All types of installations—All activity levels 

next few months VENTILATION CONSULTANTS 

Wanted HOW TO APPLY: Write to Publi ‘ Faulty ventilation installations corrected 

Commission, Legislative Bidg Regina 4 Access Permittee—Experienced cleared 

Canada for application forms and further in Personne! 

Wanted. 1947-1952 Nucleonics Magazines Ke sorenation., ApSwenats should refer t ompe A. |. BRAYMAN & CO. 


. » 705 Olive St.. St. Lou M tition 2 
search Library Service ) 27 Schoo! St., Boston 8, Moss Capitol 7-9465 








Position Vacant 
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. 
NATIONAL LABORATORY 


PROFESSIONAL PERSONNEL OFFICE 
P. O. BOX 299 
LEMONT, ILLINOIS 
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EMPLOYMENT OPPORTUNITIES 


Research 
Engineers 


Marquardt offers 


A Professional Climate 


which encourages original 


and independent research 


Marquardt Aircraft, the leader in 
ramjets—“Powerplant of the Future’ 
offers research engineers a veritable spectrum 
of advanced projects; advanced in time, and 
in technological significance. 


In an environment which permits free inquiry, 
Marquardt engineers and scientists investigate 

many aspects of supersonic propulsion; 

including ramjet, turbojet and rocket motors and 
Aircraft Nuclear Propulsion. This work is achieving 

a new understanding of the aerodynamic, thermodynamic, 
and chemical behavior of various elements of these 
propulsion systems and their exotic fuels. 


In other areas, such as the broad field of New Products 
Research, Marquardt engineers investigate projects 
reaching far into the future. In keeping with the 
company’s reputation for products which are in the 
forefront of advancing technology, these projects are 
timed for tomorrow. 


Research engineers with creative vision are invited to 
investigate the opportunities at Marquardt. 

Please write Jim Dale, Professional Personnel, 

16559 Saticoy Street, Van Nuys, California. 


marquardt sew: « 


VAN NUYS, CALIFORNIA y OGDEN, UTAH 





FIRST IN RAMJETS 


ENGINEERS 


Ground Floor 
( Ippo rlunities 


for 
Promotion 
Minded 
Engineers 
in 
Nuclear Reactor 
Field 
A new Technical Production 
Operation has been formed 
at General Electric's ex 
panding Aircraft Nuclear 
Propulsion Department, to 
handle production engineer- 
ing and control of highly 
technical, chemical and 
metallurgical processing of 
nuclear components 


Positions immediately available 
at all levels in production of 


@® Shielding 
@ Fuel Elements 
@ Control Materials 


Production background in 
physical metallurgy or chem 
ical engineering desired 
Starting salaries are fully 
competitive, and backed by a 
comprehensive benefit pro- 
gram that includes Insur 
ance Pension ind Stock 
Bonus Plans 
And at General Electric your 
professional development 1s 
encouraged through in-plant 
technical and managerial 
training and a Full Tuition 
Refund Plan for graduate 
study 

Choice of two locations 

Cincinnati, Ohio 

Idaho Falls Idaho 

Relocation Expenses Paid 
Why not take time out to 
day to tell us about your 
self——-you’'ll hear from us in 
less than a week 


Write in confidence, stating 
salary requirements to loca 
tion you preter 


GENERAL @@ ELECTRIC 


| R. Rosselot L. A. Munthe: 
> ©. Box 132 P. O. Box 535 
Cincinnati, Ohio Idaho Falls, Idaho 
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EMPLOYMENT OPPORTUNITIES 


NUCLEAR 
ENGINEERS 


Our Nuclear Engineering Section 
has immediate openings in its expanding 


GAS COOLED REACTOR and 
CONTROL SYSTEM PROGRAM 


for engineers and scientists experienced in 


REACTOR CONTROLS 
ano INSTRUMENTATION 


REACTOR METALLURGY 


REACTOR PHYSICS 


AND OTHER AREAS OF REACTOR TECHNOLOGY 











“ne 


FICo’s reputation of offering only positions of permanency is unique 
We employ only when there is a clear and definite need projected years into the future 
Send for a copy of “— and It’s a Good Place to Work,” 
a brochure yours for the asking 


Phone (New York) STillwell 4-9000 or write to Philip McCaffrey 


FORD INSTRUMENT CO. 


DIVISION OF SPERRY RAND CORPORATION 
31-10 THOMSON AVE ° LONG ISLAND CITY 1 N we 
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EMPLOYMENT OPPORTUNITIES 





MEMORANDUM 





From: 
Subject: 


To: 


Remarks: 











REACTOR PHYSICISTS! 


Here is the opportunity to work on 


YOUR OWN IDEAS 


in a newly-formed Reactor and 
Nuclear System Section whose areas 


of interest are: 


REACTOR CONCEPTS 

REACTOR CORE CONFIGURATIONS 
REACTOR KINETICS 

SHIELDING STUDIES 

RADIATION PROCESSING CONCEPTS 
IRRADIATION FACILITY DESIGN 


In addition to our programmed research, 
unique mechanisms exist at Armour Re 
search Foundation permitting research 
on subjects of your own choosing——not 
just general areas—but specific prob 
foams, Complete experimental and com 

utational facilities available including 
omogeneous research reactor and dig 
ital computers. For an atmosphere mid 
way between a university laboratory and 
industry at industrial salary levels—-with 
opportunity for teaching or graduate 
study—contact: 


A. J. Paneral 


ARMOUR RESEARCH FOUNDATION 
of Illinois Institute of Technology 
10 West 35th St 
Chicago 16, Illinois 


PHYSICIST 


To carry out work on the physics of 
electrical discharge in gaseous media 
Experience (2 to 5 years) in some re- 
lated field such as dielectrics, gas dis 
charge, tubes, or gaseous ionic 
ductors desirable 

Applicant should be a citizen of the 
United States and have a Ph.D. in 
Physics (or Physical Chemistry with 
strong physics and electronics back 
ground). Write Employment Manager 


OLIN MATHIESON 
CHEMICAL CORPORATION 


New Haven 4, Connecticut 


con 














CHEMIST 
ANALYTICAL 


Must be able to perform semimicro qualita 
tive & quantitative procedures in suolwetion 
of radioactive sources. Experience with ra- 
dioisotopes desirable, but not necessary. 
Liberal employee benefits. The location, in a 
small Newdbenss Pennsylvania community, is 
conducive to pleasant living. Relocation as- 
sistance given. We are a progressive, long es- 
tablished organization and a pioneer in the 
use of radioactive materials 

Submit complete resume of education, experi 
references, salary requirement to 


John Shigo, Jr., Dir. of Per 


U. S. Radium Corporation 
Bloomsburg Pennsylvania 


ence, 


onnel 














Do you need competent men for your 


staff? Men 
Field? Men 


experienced in the Nuclear 


to fill 
Advertise 


executive, or technical 


position? your need in this 


Employment Opportunities’ Section 
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METALLURGICAL 
PROCESS 
ENGINEER 


eee 
eeeeoeoeoeaoa eee ee 


To Develop and 
Improve Reactor 
Fuel Processes 

and Equipment 


at HANFORD ATOMIC 
PRODUCTS OPERATION 


Sharp advances in the new 


atomic power industry put 
able to 
fuel 


element manufacturing tech 


a premium on men 


improve existing atomic 


niques and to guide new 


processes from laboratory 


through semi-works to the 


produc tion line 


A man this ability is 


rie eded 


with 
now tor an 
Hanford 
His minimum qualifications 
BS or MS de 


eng! 


opening 
at the operation 
are either a 
gree in metallurgical 


neering, plus 5-10 years in 


metallurgical process devel 


opment work 


This in the 
Fuels 


ment, a 


position 1s new 


Preparation Depart 


unit whose impor 


has 


Oppor 


tance to the operation 


opened unequaled 
individual con 


advance 


tunity for 
tribution: or for 
Inanagement 


ment into 


meet 


If you 


tions, you are 


these qualifica 
invited to 
end your resume, im full 
confidence, to Mr. E. P 
Tech- 


Placement 


Galbraith, Manager, 


nical Per ynnel 


De pe FPD 


Hanford Atomic 
Products Operation 


GENERAL @® ELECTRIC 


Richland, Washingtor 
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EMPLOYMENT OPPORTUNITIES 


THE 
VARDSTICK’'S 
LONGER 


when we hire a man 
at Honeywell, Brown Instruments 
Division .. . it has to be 
Our projects in the field of 
instrumentation are the biggest 
and most important in the world 
The men to handle them must 
be of like stature 
Never mind how old or how 
young he is what's his capacity? 
Experienced? Fine but does he 
have the ability to keep on growing? 
How would you measure up, on 
these? In your turn, you can apply 
the yardstick of security and 
opportunity to Brown Instruments 
. and you will find that this 
company ranks with the highest 
on all the counts that appeal to a 
superior engineer 
If you are interested, no need to 
make out a resume. Just give us 
your name, address and home 
telephone number ,. . just address 
Mr. Dan Garvey... we'll get 
in touch with you, 


4 


Good Company—at Brown, 
you'll work with such men 

as Allen H. Keyser, Drexel 
Institute,'41,B.S.inCh. E.Now 
on his way towards an M.S. 

in Business Administration, 

in 12 years Allen has advanced 
to Section Supervisor in the 
Development Section, 


H Honeywell BROWN INSTRUMENTS DIVISION 


nomive Wayne & Windrim Avenues * Philadeiphia 44, Pa. Fiat Ww Coitiols 
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INPUT PULSE SENSITIVITY: Accepts positive going pulses American Tradair Corp., 
5 to 50 volts amplitude, with rise times of 0.1 to 10 microseconds Ekco Electronics Ltd.....135 
Anton Electronic Labora- 
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RESOLUTION TIME: Approximately 2 microseconds. Assembly Products, Inc... .128 
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But that’s only par 
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important, we're in production and can 
ship proven alr parti le monitoring 
systems to the latest ORNI pecity i 
tions oven remote area ystem 
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SCALERS 


For Reliability 
in Research 





TEN HUNDRED SERIES MULTISCALER 


From the newest Radioactivity Research 
Scaler to the now-famous Multiscaler, 
Baird-Atomic Scalers offer a complete 
choice of instruments; fourteen models 
to provide versatility for all types of 


research. 


These Scalers coupled with other B-A 
quality instrumentation make available 
complete systems for handling all radio- 
activity measurement projects. Your in- 


quiries regarding equipment for specific 


MODEL 1018 RADIOACTIVITY RESEARCH SCALER 


GLOW TUBE SCALER 


TEN HUNDRED SERIES 

The standard in scaler design . Offered in eight 
models _ all available as automatic Multiscalers. 
This series has been widely accepted by leading lab- 
oratories and is now considered an integral part of 
many reactor control panels 


RADIOACTIVITY RESEARCH SCALERS 

Binary scaling for research, highlighted by the new 
Model 101B, with high-speed resolution and added 
scale factor for the latest techniques. This Scaler 
offers the same high degree of reliability that has 
made the Model 101M an industry-wide favorite in 
radioactivity research projects 


GLOW TUBE SCALERS 

These general-purpose B-A Glow Tube Scalers offer 
a selection of four models with or without built-in 
high voltage supplies for combination with appropri- 
ate detection devices to provide extremely versatile 


512 
256 


problems are invited. and economical radioactivity counting systems 


SALES REPRESENTATIVES IN PRINCIPAL CITIES, U.S. AND ABROAD 


‘Baird- Atomic, Inc. 


33 UNIVERSITY ROAD, CAMBRIDGE 38, MASS. 


GAIRD ME PATOmIC 








ElectroniK recorders w 
cial scales for nuclear 


variables. 


* @ 


Safety amplifiers . . . one of 
eight special units for reactor 
control. 








cc == — 7 


ith spe- 
process 


Tel-O-Set miniature instruments 


... for use on graphic panels or 


to save space. 


Three-mode controllers 


to reactor characteristics. 


matched 


MegopoK thermocouple wire . . . de- 
signed for fuel element temperatures in 
nuclear installations. 


Pressure gages . . . for 
coolant flow, monitoring, 
and other applications. 


--- reactor instrumentation 


for every need 


What are your instrumentation requirements—a single in- 
strument ...a packaged nuclear reactor control system? You 
can place undivided responsibility with Honeywell for every 
thing from initial specifications to complete installation and 
startup 


From this one source, the world’s largest instrument manu- 
facturer, you also receive expert engineering assistance in 
application and maintenance . . . and prompt, efficient service 
from a branch office near you. 


Your local Honeywell sales engineer will be glad to help you 
select the reactor instrumentation you need. Call him today 
... he’s as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial Divi- 
sion, Wayne and Windrim Avenues, Philadelphia 44, Pa. 
in Canada, Toronto 17, Ontario. 


Honeywell 


H fiut we Conteh 





